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ENGINEERS — SCIENTISTS 


From pioneer nose cone development to the 
new APOLLO study and-ADVENT programs, the 
Missile & Space Vehicle Department of 
General Electric is involved in the progress 
of nearly every area of space technology. 
The engineer and scientist seeking 
professional growth in this diverse and 

- expanding field of vital national importance, 
is invited to review MSVD's 5-year rester 

of accomplishments, its long term 

expanding programs, and many openings. 


Opportunities 

to move ahead in 
every aspect of 
Aerospace 

Science & Engineering 


Aerodynamics-Flight Space Mechanics 
Mechanics Applied Mathematics 

Rg Optics 
Structures Engineering Advanced Syotemne 
Navigation & Control Systems Advanced Mametootayng 
Spats Hepealion Transistor Circuit Design 

Space Power Reliability 

Communication Systems Project Engineering 
Guidance — Inertial, Radar Digital Circuitry & Logic 


Life Support Systems Measurements & Standards 
Materials Studies 
Re-Entry Physics 
Flight Test Analysis 


Instrumentation 


Ground & Space Support 
Electronic Packaging 


Highly competent people, at various levels of ex- 
perience, are desired to work closely with MSVD 
engineers and scientists, many of whom have made 
notable individual contributions to space technology. 


Apply by sending a brief summary of your 
background to D. G. Curley, Dept. 73-WE 


MISSILE & SPACE VEHICLE DEPARTMENT 


GENERAL @@ ELECTRIC 


3196 Chestnut St., Philadelphia 4, Pennsylvania 





Write for MSVD Position Index containing 
detailed description of current openings. 
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Look at the Record of Achievements 


The FIRST recovery of an orbiting 
satellite vehicle. (Discoverer Satellite 
Recovery Capsule) 


The FIRST flight demonstration of 
effective space vehicle stabilization 
control and navigation. 


The FIRST measurements in space of 
earth's magnetic field and infrared 
radiation. 


The FIRST operational re-entry vehicles 
for both IRBM and ICBM missiles. 


SUCCESSFUL measurement of space 
radiation to an altitude of 1200 miles. 
( NERV Space Probe) 


Look at Current Projects In Progress 


Re-entry vehicles for the TITAN, ATLAS, 
SKYBOLT & THOR missile programs 
(Operational and Development Stage) 


NERV-Nuclear Emulsion Recovery Vehicle 
(Flight Test Stage) 


ADVENT Communications Satellite 
(Early Development Stage) 


Discoverer Satellite Recovery Capsule 
(Flight Test Stage) 


APOLLO Manned Space Vehicle 
(Also, five other Manned Space Vehicle 
Study Contracts) 


ADVANCED Studies in Space Probes 


New Multi-Million-Dollar 

Space Technology 

Center now 

> under construction 
near Valley 
Forge Park 

















“Delivery room” for a guidance system 


Guidance systems and components for some of this country’s most advanced 
ballistic missiles are being born in this room—and no hospital delivery room 
was ever kept freer from dust and dirt. 

It’s the “ultra-clean room” at Sperry Farragut—the cleanest of more than 
5000 square feet of temperature-controlled clean-room facilities here. Its air 
locks and dust filters remove from the air all particles larger than 0.3 micron 
(12 millionths of an inch) and would stop cold the 3-5 micron bacteria dreaded 
in hospitals. Final assembly of guidance units for the MERCURY and SATURN 
missiles is carried out here—as well as assembly of a variety of other complex, 
precision mechanical and electro-mechanical equipment. 

This clean room, probably the most advanced in the country in design and 
construction, is just one example of the ultra-modern facilities for precision 
military production at Sperry Farragut’s 175,000 square-foot Bristol, Ten- 
nessee plant. These facilities are manned by a staff with outstanding technical 
competence and backed by the virtually unlimited capabilities of the Sperry 
Rand organization. 

Our liaison engineers will welcome an opportunity to discuss application of 
Sperry Farragut facilities and capabilities to your requirements. 0.2 
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Capabilities and facilities for study, design, 
evaluation, prototype construction, and final 
quantity production of precision systems, sub- 
systems, and components for: 

¢ Missile guidance and control 

¢ Fire control 

¢ Aircraft instrumentation 

¢ Navigation —land, air and sea 

¢ Computers 

¢ Trail marking equipment 
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THE COVER 


Technicians at Army’s White Sands, N.M.., 
facility attach third stage to the Nike-Zeus. 
A comprehensive report on the controversial 
antimissile missile starts on p. 26. 
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MISSILE 
LAUNCHER 
MADE 
MOBILE-LIGHT, 
TAKEQFF-TOUGH 
WITH 


NAXIRA 


HIGH-STRENGTH STEEL 


A battlefield might be anywhere. Wherever it is, there 
may be a need for the new 10,000-pound, 36-foot 
Sperry-Rand U.S. Army Sergeant missile. That’s 
why the launching station on which the missile is as- 
sembled, aimed and fired must be light enough to be 
transposted by land, sea or air. Yet it also has to be 
rugged and strong enough to assure the launcher’s 
availability for subsequent firing. 








N-A-XTRA steels meet all the conditions of light weight, 
high strength and impact resistance. Pound for pound, 
they're nearly three times stronger than mild carbon 
steel. They are used, not only in this mobile missile 
launcher, but in many other defense products and in 
commercial equipment such as earth-moving vehicles, 
heavy machinery and pressure vessels. 

Fabrication qualities are an N-A-XTRA bonus. Even at 
extreme subnormal temperatures, they remain tough 
and readily weldable. Conventional methods—cold 
forming, gas cutting, shearing and machining—give 
superior results, too. For further information, write 
Product Development Department, Great Lakes Steel 
Corporation, Detroit 29, Michigan. 


NAXTRA 


GREAT LAKES STEEL 


Detroit 29, Michigan 
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nched and tempered N-A-XTRA, the best low carbon extra- 
gth alloy steels you can buy, are available in four levels 
minimum yield strength, from 80,000 to 110,000 psi. They 
tough at normal and subnormal temperatures and can be 
dily and reliably welded. Sizes range from 4" to 1" thick, 
lo 72” wide and up to 35’ long. 


STEELMARK 


Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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Since making the first high altitude suit in 1934, B. F. Goodrich has been 
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engineering ahead for space. Today, we offer capabilities in plastic laminates, 









solid fuels, rocket motor cases, nozzles... and a host of special 
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products involving rubber, chemicals, metals, and synthetic materials. 


Check this broad source of experience for assistance on your space projects. 
B. F.Goodrich Aviation Products, a division of The B. F.Goodrich Company, 
Dept. MR-1, Akron, Ohio. 
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Mock-up of Project Mercury capsule, built by McDonnell In “Big Joe™ test launching, full scale RVX-: 
Aircraft Corporation for the manned orbital flight program of model of Mercury space capsule was largest 






the National Aeronautics and Space Administration. boosted 100 miles high atop this Air travel f 
Force Atlas missile. Capsule was protected 
by a B. F.Goodrich laminated glass fibre 
and resin heat shield fabricated under 
subcontract to General Electric. 









SUITING UP THE ASTRONAUTS The pressure suits to be worn by the Astronauts are 
now being fitted by B.F.Goodrich. This suit must maintain enough pressure to keep a man’s blood 
from boiling, must provide air to breathe, must protect against searing heat. In the bargain, this pres- 
sure suit is light weight and flexible enough to allow free movement. 3 














HIGH ENERGY SOLID PROPELLANTS This static test stand is one of 56 specialized facilities at the B. F.Goodrich 


solid propellant plant...currently processing and loading solid fueled motors of the LOKI, RTV and ASP types. BFG pioneered the 
development of the major polymeric binder-fuels now being used in the most advanced missiles. 
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RVX-2 Re-entry/Recovery Vehicle, the Satellite Aeromedical Re-entry Mark-3, an advanced operational-type 
largest ablation-type re-entry vehicleto Recovery Vehicle for USAF Discoverer re-entry vehicle for the Air Forte Atlas. 
travel full lCBM-range and be recovered. Program. 


B.EGoodrich aviation products 
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The Countdown 





WASHINGTON 


Defense Dollars and the Congress 

Chances of President Kennedy winning larger de- 
fense appropriations from Congress are looking up. 
Among key leaders with whom he is gaining support 
is Sen. Carl Hayden, the seldom-outspoken chairman 
of the Senate Appropriations Committee. Hayden has 
gone on record as saying flatly that “in the face of 
the continued Communist menace” Congress can ex- 
pect to appropriate “much more” for defense. 


Titan Il Enters the Space Race 
Martin’s Titan IJ is now a strong contender for the 
job of being one of the nation’s major space boosters 
in the mid-60’s. The Air Force this last week officially 
put Titan II in the space business by making it the 
booster for the Dyna-Soar program. The plan to use 
the less powerful Titan J has been dropped. 


Minuteman Moves to the Pad 
After nearly a month of minor delays, the Air 
Force this week again hoped to launch its first R&D 
Minuteman from Cape Canaveral. The big solid-fueled 
ICBM was scheduled to be given a complete system 
test from a pad. The first launch of an R&D bird from 
the silo at the Cape is planned about early summer. 


Snag in Space Frontier? 

Is there any significance in Kennedy's long delay in 
naming a new NASA administrator? Insiders are won- 
dering if it presages a downgrading of the civilian space 
effort—or whether he just couldn’t decide how he 
wanted to “redirect” it. 


Tiros: Paternity determined 

A bubbling question in Washington for some time 
has been who is the “father” of the successful Tiros 
weather satellite. Some said NASA. Some said the Air 
Force. Some said the Navy. Some said . . . take your 
choice. Now the American Meteorological Society has 
made a determination. It presented its “special award” 
to Dr. Stanley M. Greenfield, an Air Force scientific 
adviser, and Dr. William W. Kellogg of Rand for pro- 
viding 10 years ago the “framework which is basic” 
for the Tiros system. 


INDUSTRY 
Cheaper Bulipups 


Martin-Orlando is driving for a 75% reduction in 
the cost of Bullpups. It says that in two years it has 
chopped cost per missile about 60%-—bringing the 
present pricetag to the neighborhood of $4,000 per 
missile. Further reductions are expected from a new 
campaign to get vendors to drop their prices by 30%. 
Cuts to date were possible, Martin says, by eliminating 
all test equipment after bird leaves factory, making 
three main components (tail assembly, propulsion sec- 
tion and warhead) interchangeable so that Navy and 
Air Force can assemble them like rounds of ammu- 
nition. 
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Seeker for Zeus? 


Western Electric is “sold” on command guidance 
for Nike-Zeus (see special report starting page 26) but 
does not rule out possibility of shifting to seeker (prob- 
ably IR) in following versions. 


Dyna-Soar Power Bidders 
Finalists in the Dyna-Soar accessory power systems 
bidding are said to be Sundsirand Turbo, Walter Kidde 
& Co. and Thompson Products TRW team. Winner 
may be named about Feb. 14. 


R&D Intelligence 

Navy will begin evaluating Eagle Air-to-air missile 
at Point Mugu about mid-year . . . Boeing, under an 
ARDC $100,000 contract, is filament-winding 3100-gal. 
rocket-fuel tanks with spun glass threads . . . For 
NASA, Douglas is studying use of earth orbits to launch 
lunar and interplanetary flights . . . Cal-Val is getting 
set to test a water injection system designed to reduce 
liftoff noise, vibration, heat and pressure. It could mean 
simplifying missile base design $100,000 NASA 
contracts are putting Lockheed on a study of using 
Thor- and Atlas-launched Agena satellites for ren- 
dezvous and United Aircraft Labs on a study of mission 
data and launch dates for planetary orbits with ion 
propulsion vehicles. 


Hébert Back in Business 
Rep. F. Edward Hébert and his House Armed Serv- 
ices Investigating Subcommittee are expected to resume 
inquiries into defense contracting in the near future. 
One of the top committee targets: Alleged overpricing 
in military procurement. 


INTERNATIONAL 
Swedes to Make Falcon 


Licensing arrangement is reported almost complete 
for the manufacture of the U.S. Falcon air-to-air mis- 
sile in Sweden. Agreement has been in the works since 
last April. 


Overseas Pipeline 
Britain and Russia are sending electronics delegations 
to each other’s countries, to tour factories and give 
lectures on current developments . . . France’s govern- 
ment-controiled SEREB rocket agency has been allo- 
cated $20 million for development of an IRBM—-said 
to have 2000-mile range and solid fuel. 


Chinese A-Test 


Latest word from over the Bamboo Curtain has 
Red China getting ready to fire its first nuclear device 
from a 300-ft. tower in the desert of Sinkien province 
this year. Yield of the device is said to be 20 KT. It’s 
reportedly made from Chinese-produced uranium. 











Western Electric 
manages the 
industrial team 


for Nike Zeus 


Western Electric is proud of the responsibility assigned to it as leader of the Army’s Nike 
Zeus industrial team of companies which brings together broad and diverse capabilities. 

The selection of Western Electric as prime contractor was based on the qualifications 
and experience the Company has developed as manufacturing and supply unit of the Bell 
System. Western Electric and its partner, Bell Telephone Laboratories, work side-by-side 
as a team in providing the Bell System with communications products of the uncommon 





quality and reliability necessary to the operation of a completely integrated nation-wide 
communication service. 

The reliability standards and the “sense of system” Western Electric employs in its 
telephone job are directly pertinent to the requirements of Nike Zeus. And it follows that Bell 
Laboratories accepts major development responsibilities in the Nike Zeus program, along 
with Western Electric. 

In addition to their joint work for the Bell System, both Western Electric and Bell 
Telephone Laboratories bring major defense-project experience to Nike Zeus, from such 
missile programs as Nike Ajax, Nike Hercules, Terrier, and Titan. Other prime contracts 
in which the Bell System has played an important part include: DEW Line, White Alice, 
SAGE, communications aspects of BMEWS, and underwater sonar system projects. And 
in America’s space exploration program, we are carrying heavy responsibilities in NASA 
projects: Mercury, Tiros, Echo, etc. 
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Nike Zeus major industrial 
contributors headed by Western 
Electric, prime contractor: 





ALLIS-CHALMERS MFG. CO. .. toate -.sesssess. Target Track Antenna 
a ee a bw ee aa aeons Acquisition Radar Dielectric 
RL, sidcctiebknene ecaciieneens ans Technical Facilities Design 
Ck cc ween esee tebey edee sidan Target Track Antenna 
CONTINENTAL ELECTRONICS MFG. CO. ............... Acquisition Radar Transmitter 
ke DOUGLAS AIRCRAFT CO., INC. .... . Missile, Booster, Missile-handling & Test Equipment 
S. ek aedawen beware Acquisition Radar Dielectric 
ns I cr wo aaiale Mie Ah s wate aOne Acquisition Radar Antenna 
=] GRAND CENTRAL ROCKET CO. ................0005, . Sustainer & Jet-head Motors 
je  & ae ici p DE ates Sadia dee Obes + 0064,0%5 Stable Platform 
™  - 2... 4 batches cou cds 4 SeakG ees ¢ Target Track Antenna 
i dn a in ot hae me aw be ns abeeae aed Computers 
de SPERRY GYROSCOPE ...........-.0eeecccceceee. Target Track Radar Transmitter 
| STEEL PRODUCTS ENGINEERING ..................... Missile Track Radar Antenna 
Its I re ag Se ae Test Equipment 
oll IS a a A a a Tactical Displays 
ng ks ele ee ak Sul alin ewe aceeee Cun Booster 
ES RRS eA ee Fe ae Target Track Antenna 
oll 
ch In addition to these 18 companies, hundreds of other “partners” —many 
“ts of them small businesses—are taking part in the research and develop- 
- ment effort on the Nike Zeus anti-missile missile system. 
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Standard and proprietary 
designs with 
Fast 
shelf" delivery. Low cost, 

light weight actuator per- A 
up to 400° F, 


field-proven 


reliability “off-the- 


& 
] h 
ROTARY ACTUATORS 


forms at 
ambient 


wi 
} Typical Specs 


Voltages: AN 


115V. A.c.—400 C.P.S. 
single phase 


26V.,1165V.A.C.—2 phase 
18 to 30V. O.c. 


Sweep: A 
0" -360° or any increment 


Weight: 
Less than 3 4 ib. 


e/ Envelope: A 
Torque up to 30" ibs... 
2-1 2x 2-9 16x1-S 16° 

Torque up to 

ids., 3 








Coss 


PRECISION MOTORS 
Size 12 frame motor matches performance 
of standard Size 15 under extreme condi- 
tions. 115V. A.C. — 400 cycles per second, 
single and two phase. Certified at plus 
425° F. ambient temperature. Nominal 
speed 10,500 R.P.M. Guaranteed mini- 
mum life 1000 hours. Weighs leas than 8 
oz. Brake and speed reducers available. 


* Approved Air Force quality control 
system 

* Resident Air Force inspector 

* Reliability program being adopted 

* Complete design, manufacturing, 
assembly and testing 


Precision electro-mechanica/ components 
for airborne and ground support equip- 
ment. WRITE FOR INFORMATION 


. 
MANUFACTURING 


COMPANY 


ADDISON, ILLINOIS 
Circle Neo. 21 on Subscriber Service Cord. 


14 


| booster with 1% 


The Missile 


Shots of the Week 


At White Sands Proving Ground, 
an Army Hawk scored a kill on the 
fastest target missile it has faced. 
The bagging of a Corporal brought 
to three the types of surface-to sur- 
face ballistic missiles Hawk has suc- 
cessfully intercepted. 

At the Cape: The Air Force’s 
Atlas D ended its testing career Jan. 
23 by traveling 5000 miles down the 
Atlantic to bring its total to 35 suc- 
cesses, 8 partials and 6 failures in 49 
launchings for the D model. The 
next day, the improved Atlas E de- 
veloped engine trouble and sputtered 
out after completing only 100 miles 
of a 5000-mile test. 

The Army’s Redstone missile 
“satisfied all test objectives” on a 
200-mile flight on Jan 23. However, 


| the Air Force’s 98-foot Titan tum- 


bled into the Atlantic Jan. 20 when 
the second stage failed to ignite. The 
test, programed for 5000 miles, was 
an attempt to duplicate the success 
which marked the last firing of a 
liquid fueled missile in 1960. 


Nuclear Stage for Saturn? 

Three engineers on Wernher von 
Braun’s staff have proposed a nuclear 
third stage for Saturn which would 
generate 75,000 Ibs. of thrust. 

Willis Y. Jordan Jr., Donald R. 
Saxon and Paul G. Thomas of the 
Marshall Space Flight Center, 
National Aeronautics and Space Ad- 
ministration, last week told the Insti- 
tute of Aeronautical Sciences that 
switching to a nuclear stage would 
double the Saturn payload. 

The three-stage vehicle, standing 
250 ft. tall, would consist of the S-/ 
million Ibs. of 
thrust, the S-// second stage, gener- 
ating 800,000 Ibs. of thrust, and the 
nuclear stage. The S-//, a cluster of 
four Rocketdyne J-2 liquid hydro- 
gen engines, is to go out to industry 
for R&D in about one year. 

The vehicle would be capable of 
lifting a 30,000-lb. manned space- 
craft and a chemical fourth stage into 
low earth orbit. The fourth stage 
would be fueled in orbit by Saturn- 
boosted tankers, and then could pro- 
pel the craft to circumlunar and 
lunar landing missions. 


Space Week 





L-T Eyes Chance Vought 

Ling-Temco Electronics has off 
ered to buy 150,000 shares or mor 
of Chance Vought Corp. stock at ar 
above-market price in its move t 
gain control of the company. 

Already possessors of “more thar 
10%” of Vought common stock, the 
electronics company offered to buy 
shares at $43.50 on a first-come 
first-served basis. Chance Voughi 
stock closed Friday on the New York 
Stock Exchange at about $39.875, 
but jumped several points by the 
middle of the week, hovering around 
$43. 

The National Bank of Commerce 
Dallas, will serve as escrow agent in 
the offer. The tender expires Feb. |! 
but may be renewed, Ling-Temex 
announced. 

There has not been any official 
disclosure of just how much Vought 
stock Ling-Temco now holds. Some 


—Coughlin New M/R Editor— 

William J. Coughlin, Chief 
of the West Coast office of 
American Aviation Publications, 
has been named editor of 
MISSILES AND ROCKETS maga- 
zine. Coughlin is former head of 
the London and Moscow bu- 
reaus of the McGraw-Hill Pub- 
lishing Co. and was chief of 
the San Francisco bureau of 
United Press. He is a veteran of 
15 years of aviation and missile 
reporting. 

Clarke Newlon, executive ed- 
itor of the magazine, has re- 
signed. 











estimates have reached 30-40% ol 
the total shares, but Vought pres- 
ident Frederick O. Detweiler has 
stated that he believed it was “only 
on the order of 13% to 14%.” 


Beryllium Breakthroughs? 

The Air Force expects beryllium 
to break through current limitations 
in design and fabrication of heat 
resistant structures for space vehicles 
Maj. Gen. W. Austin Davis, com 
mander of the Wright-Patterson 
Aeronautical Systems Center, said 
the metal also offers promise as ; 
fuel additive because of its high 
energy content. The beryllium pro- 
gram is moving along faster than the 


(Continued on page 6!) 
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ION FORK OSCILLATOR U UNITS 


OUR NEW HOME, DOUBLING OUR FORMER CAPACITY 


Watch (— Master 


ELECTRONICS 


Our instruments, 40 to 30,000 cycles, are used extensively by 
industry and on government projects where enduring accuracy 
and maximum durability are required. Your inquiries on related 
products are invited. 
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TYPE 2003 
Size 1%" dia. x 4%” H,. Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 
Type 2003 (+.02% at —65° to 85°C) 
Type R2003 (+. 002% at 15° to 35°C) 
Type W2003 (+.005% at —65° to 85°C) 


Double triode and 5 pigtail parts required. 
Input, Tube heater voltage and B voltage 
Output, approx. 5V into 200,000 ohms 





TYPE 2005A 
Size 8” x 8” «x 7% 
Weight, 14 lbs. 


" High 


Frequencies: 

50 to 400 cycles (Specify) 
Accuracy: 

+.001% from 20° to 30°C 
Output, 10 Watts at 115V 
Input, 115V. (50 to 400 cy.) 























TYPE 2007-6 


TRANSISTORIZED, Silicon Type 

Size 1%" dia. x 34%" H. Wght. 7 ozs. 
Frequencies: 360 to 1000 cycles 
Accuracies: 

2007-6 (+ .02% at —50° to + 85°C 
R2007-6 (+.002% at +15° to + 35°C 
W2007-6 (+.005% at —65° to + 85°C 

Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 


TYPE 2121A 
Size 
8%” x 19” panel 
Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
+.001% 20° 
Input, 
115V (50 to 400 cy.) 


to 30°C 























TYPE 2001-2 
x 4%” « 6" H., Wght. 26 oz. 
Frequencies: 200 to 3000 cycles 


+.001% at 20° to 30°C 
Output: 5V. at 250,000 ohms 
Input: Heater voltage, 6.3- 12-28 


100 to 300 V., at 5 


Size 3%” 


Accuracy: 





B voltage, 


5 to 10 ma. 


TYPE 2111C 

Size, with cover 

10° 217° «= 9° H. 
Panel model 

10” x 19" « 8%” H. 

Weight, 25 lbs. 
Frequencies: 50 to 1000 cy. 
Accuracy: 
(+.002% at 15° to 35°C) 
Output: 115V, 75W. 
Input: 115V, 50 to 75 cy. 























ACCESSORY UNITS FOR 2001-2 


L—For low frequencies 


= D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 30 KC, 
xr Amplifier, 2W output. 
P—Power supply. 








multi-vibrator type, 40-200 cy. 
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NIKE-ZEUS 


Repeated successful R&D launch- 
ings of the U.S. Army anti-missile 
missile have demonstrated the 
reliability of its Thiokol booster. 
The Zeus’ Thiokol motor boasts 
highest thrust of any single solid 
rocket in the free world...450,000 
pounds. [ hiokol means reliability! 


Prime Contractor: Western Electric. Missile: Douglas. 
Booster Motors Propulsion Contractor: Thiokol. 


THIOKOL 


Fhéotko€. CHEMICAL CORPORATION, BRISTOL, PENNSYLVANIA 
Rocket Operations Center: Ogden, Utah 


Nike-Zeus Motors produced at the Redstone Division 


Circle No. 7 on Subscriber Service Cord. 











SPACECRAFT 





NOW UNDER ONE ROOF AT LOCKHEED / BURBANK 


Lockheed California Division has expanded its already great 
resources at Burbank. For it now encompasses, under one 
roof, the two vast worlds of Spacecraft and Aircraft 

This typifies Lockheed px 
the art through basic r arc a } ar 


Result? Now—more 


and Engineers uncommon opportunities; equips them with 


licy to stead dvance the state of 
d scientific fields 
ockheed offers Scientists 
every modern facility; re and ex 

recognition. 
ecraft and Air- 
ipersonic inter- 
pacecraft; and 
Scientists and Engineers of outstanding talent are now 


nvited to participate in t 2w, dual enterprise. Immediate 


openings are avai Namics engineers; thermo- 


dynamics engineer: ectric research engi- 


neers; servosystem jineers; electronic systems engineers; 


biophysicists hydrodynamicists; ocean 
systems sci hological research special- 
ists; mammalian cultt research specialists; and radiation 
hazards speciali 

Write today to Mr. E. W. Des Lauriers, N 
Placement Staff, Dept. 1701, 2404 N. Hollywood Way, Burbank, 


California. 


LOCKHEED 


CALIFORNIA DIVISION 


ager Professional 
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@ Shades of Hades 


Our 
told us if there’s a need for drapes over 


market research people have never 


the gates of Hell. There may even be one 
or two of them on location there, but 
we've had no report so far. At any rate 
our REFLECTIVE Propucts Division will 
be ready for the eventuality. They've de 
veloped a series of fabric constructions 
which are so heat resistant that they could 
easily “go to the Devil” and come back 
unharmed 

Made from “Pluton” Brand heat resist 
ant fiber, these are quite different from the 
common heat resistant fabrics of glass o1 
asbestos. “Pluton” is entirely organic. On 
the other hand, they shouldn't be confused 
with flameproofed organics either, which 
char and become brittle upon exposure to 
a flame. In sharp contrast, “Pluton” can 
be exposed to intense heating approaching 
10,000" K without melting, charring or 
embrittling. There ts a reduction in tensile 
strength, but durability is still several mag 
nitudes greater than even asbestos under 
the same condition 

In addition to its 


“infernal” resistance 


Pluton” boasts several other eyebrow 
raisers. It's an excellent thermal insula 
tor (K factor of 0.42 Btu/ft. 2/in./hr 


compared with asbestos at 0.7). While 
Pluton” is black in color, it contains no 
clemental carbon. This means it can act as 
an effective electrical insulator. Even after 
10 minutes at 1300° I resistivity is in 
excess of 100 megohms. Don't ignore its 
resistance to strong acids and bases. Boil 
ing for 24 hours in 70° H.SO,, for exam 
ple, fails to destroy it. So far, no solvent 
has been found which dissolves it, either 

Already it looks as if it can neatly step 
into any number of hot spots, either as a 
fabric or a resin-fabric composite. Perhaps 
yours is one of them. For more informa 
tion, check the coupon at right 


Miienesora TMiiaine ano Manvracrurine COMPANY 
... WHERE RESEARCH IS THE KEY TO TOMORROW 
SS? 


3M MATERIALS MEMO 


News of materials for the aerospace industry — selected from the 27,000 products of the 3M Company 


@ One for the Book! 


It seems almost axiomatic that the infor 
mation we'd most like to preserve for our 
own files often comes to us in borrowed 
books or periodicals. Unless we're willing 
to risk mayhem or murder by snipping out 
the pages to copy them — we dutifully, but 
wistfully, pass the precious stuff along 
Recognizing that such traumatic experi 
ences could contribute to an eventual ce 
moralization of our Aerospace effort, our 
DUPLICATING Propucts Division has done 


something about it. That “something” 1 
the THERMO-FaAX “Premier” Copying Ma 
chine, and believe us, it is somethis 





Hl-electric 


Using the completely dry. a 


copying process, the THERMO-Fax “Pre 
mier” Copying Machine is extremely ver 
satile. In addition to ordinary single sheet 


correspondence, itll handle periodicals 
and even books up to 2” thick. The origi 
nal data (all the way up to 8'2"x14") can 
be opaque, translucent, or even transparent 

the “Premier” Copying Machine repro 
duces them all with equal ease. It doesn't 
matter either if the opaque originals are 
printed on both sides 

Not only is it versatile, but *’s quick 
just a few seconds per copy. What's more 
it Operates on standard 110 or 220 volt 
A.C. current. Check the coupon below to 
see how easily the THERMO-FaAXx “Premier 
Copying Machine can break your 
barricr 


data 


3M Company, Missile Industry Liaison 


St. Paul 6. Minn 
Heat Re 


Piuton 














@ Stick To It! 


Good old-fashioned perseverance will still 
many a problem. But 
lems require “stick-to-it-iveness” of an 
other sort. Take, for example, the many 
cases where one material must be bonded 
to the another — either perma 
nently or merely as a temporary measure 
How many times have you wished that 
one of the materials in question had the 
pressure -sensitive adhesive properties ol 
one of the “Scorcu” BRAND tapes? Now 
that very thing is possible with the new 
Y-9010 Dry Removal Adhesive Transfer 
Tape. You can literally make your own 
pressure-sensitive tapes of surfaces merely 
by applying Y-9010 to the back of films 
metal foils, paper or what have you. Rub 
bing down with light pressure is all that's 
required. The adhesive treated material ts 
ready for immediate application to most 
clean dry surfaces upon removal of the 
strippable paper liner. Or if you choose 
by leaving the liner in place you can keep 
it in for for periods up to 
“a year 

The 142 mil thick adhesive is especially 
formulated to give you not only excellent 
adhesion, but resistance to softening, hard 
ening, and the effects of the ultraviolet 
radiation in sunlight. Don't forget the 
fringe benefits” of cleanliness and instant 
tack. These can add up to sizeable savings 
in eliminating costly clean-up and drying 


solve some prob 


surface of 


readiness use 


or cure time. Y-9010 ts a product that it’s 
easy to get attached to 

You can get to know it better through 
your INpusTRIAL TrRaprs Tape Division 


representative or clip the coupon below 
Dept. VAB-11 


sistant Fiber 
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Proven pertormance with 


DIMAZINE 


Cunsym-dimethyihydrazine, VOMH) 


STORABLE HIGH-PERFORMANCE FUEL 


Dimazine has played an important part in the 
operational use or successful flight-testing of all 
these proven rocket-powered vehicles. The de- 
velopment and application of their propulsion 
systems has in turn established the advantages 
of this outstanding synthetic fuel demon- 
strated its reliability broadened and dis- 
seminated handling know-how and made 
possible greater production volume with increas- 
ingly favorable economics of supply 

Today the state-of-the-art in liquid propulsion 
is advancing more rapidly than ever before 
Thrust modulation, restart capability, packaged 


engines and other advanced concepts are appear- 
ing in operational systems. Manned vehicles and 
huge, booster systems are being planned and 
developed ; hybrid, slurried, gelled and encapsu- 
lated propellants are being evaluated 

For such advanced applications Dimazine offers 
technical derived from its 
unique combination of excellent physical and 


many advantages 
chemical properties, plus all the practical bene- 
fits of a broad and diversified base of experience 
We will be pleased to supply information on 
Dimazine properties, handling and availability 
for your program or proposal 
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Experimental Manned Aircra ft (X-IE) Sparrow III 


Photos: Courtesy U.S. Army, U.S. Air Force, NOTS, Bell Aircraft C Boeing Airplane Cx Colemar 
Engineering, Douglas Aircraft C me ockheed Aircraft ¢ p.. Martin Ce Thiokol / Reaction Motor 
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General Electric Silicone Rubber 
helps get 










Missile and ground-support applications are 


“naturals” for the unique qualities of silicone 
heat 
temperature flexibility to 


resistance above 600°F. low 
150°F. good thermal 


ozone 


rubber 


conductivity. uneaxcelled resistance and 


virtually unlimited life under normal conditions. 


Titan ICBM 


combat-rea 





retains its excellent electrical 


B 
ecause it 


prop 
erties over a wide temperature range, G-F silicone 
rubber is also used for missile wire and cable 
insulation. Even when continuously exposed to 
direct flame. it forms a non-conducting ash which 


gives off no toxic fumes. 





Missile wiring harness 

by Aerojet-General Corp 
harness, Breakouts and junctions are molded from G-E RTV 
temperature vuleanizing) silicone rubber; 


wketing is high-strength G-E silicone rubber 


rubber inserts in connectors. RTV is used in other missiles as a shock- 


ibsorbing encapsulant and potting material for electronic assemblies. 


General Electric silicone rubber was chosen 

for the Titan's propulsion system wiring _ by 
{room 
wiring is silicone insulated; 
Inset shows silicone 


200 tons of steel and concrete — Titan missile silo doors 
American Machine & Foundry Co 
AMF also used G-E 


door seals on the Titan’s ground support entry portals 


use seals of G-I 
silicone rubber silicone rubber 
and radar silos. Silicone rubber can withstand the heat 
of rocket blast-off or possible atomic attack while re 


maining stable in storage for long periods. 


Write for more information on G-E silicone rubber, briefly describing your 
application. Section 0134, Silicone Products Department, Waterford, New York. 


GENERAL @@ ELECTRIC 


Circle Ne. 1 on Subscriber Service Card. 











One of a series of advertisements showing the breadth of Douglas experience being devoted to commercial, military and space-exploration projects. 








Five big steps to a smaller world 


How narrow the oceans have become! How small the world! And how 
quickly the shrinking has occurred! 

Within a generation, man has stopped wondering if he would ever 
fly, and now asks how soon he will land on the moon. 

Douglas, builder of the 5 great “DC” airliners that did so much to 
shrink the world you live in, is now at work on the great rockets and 
rocket ships which will shrink the solar system. 


DOUGLAS 


MISSILE AND SPACE SYSTEMS * MILITARY AIRCRAFT + DC-8 JETLINERS «+ 
TRANSPORT AIRCRAFT « ANTI-SUBMARINE SYSTEMS + AIRCOMB® «+ 
GROUND SUPPORT EQUIPMENT 











FROM REST TO READY....LESS THAN A MINUTE 


® Below deck, missiles are stored naked, stripped of stubby wings. But in less than 60 seconds they’re 
assembled, loaded and fired, thanks to automation. @ Take this concept — develop the idea into today’s 
mighty missile systems. Vitro did: its technical staff helped the Bureau of Naval Weapons design fully- 
automated missile handling and launching systems — ones now used aboard frigates, cruisers and carriers 
armed with fast, ship-launched Terrier and Talos missiles. @ Vitro scientists and engineers went right to 
work during basic ship design — providing space needed for automatic storage and handling. Beyond this, 


Vitro takes ideas and develops actual systems for feasibility testing. 
Vitra 


VITRO LABORATORIES / Division of Vitro Corporation of America/SILVER SPRING, MD.* WEST ORANGE, N.J.* EGLIN AFB, FLA. 
SCIENTISTS AND ENGINEERS: JOIN THIS TEAM 
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alves and controls 













Pressure Regulators 








e 


Shutoff Valves 
(electric and pneumatic) 









Solenoid Valves 






Fill and 
Drain 
Systems 





Special Applications Fuel Controls Pneumatic Actuators 


(De-icing Nozzle) 














AiResearch has produced more than one million high performance valves and controls 
for gases and liquids operating at temperatures from —420°F. to +2000°F. 
and pressures to 6000 psig. 
Reliability and compatibility of systems applica- more than 20 years of experience in valves 
tions are insured when all components are of and controls and the most complete testing and 
AiResearch design and manufacture—backed by _ production facilities available. 


Please direct your inquiries to Control Systems, 
AiResearch Phoenix Division. 


CORPORATION. 
AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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SPECIAL REPORT 


NIKE-ZEUS 


NOW? 


missiles and rockets, January 30, 196! 
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by James Baar One of the first critical military decisions demanding President Kennedy's 
immediate attention is whether to order the controversial Nike-Zeus antimissile missile into pro- 
duction. What makes the decision critical is time. Nike-Zeus is the only potential active defense 
against Soviet ICBM’s available now, or expected to be available in this decade. Each day that 
a go-ahead order is delayed is a day lost in beginning deployment—which is three years away 
at the earliest. What will Kennedy do? Right now he has before him a last-minute recommen- 
dation by a top-level military-scientific group that Zeus be committed to production. This was 
left on the White House doorstep with a disapproving shrug by the Eisenhower Administration. 


But the pressures are great to push this recommendation into a pigeonhole. (Cont'd next page) 
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$8 Billion Investment Gets Strong Backing . . . 


If Kennedy acts this winter, the 
North American Defense Command 
can be expected to begin manning Zeus 
batteries in early 1964. 

That would be more than a year 
later than would have been possible 
under the Army's original plan re- 
jected by President Eisenhower. 

It would be more than a year earlier 
than will be possible if Kennedy follows 
the Eisenhower plan to withhold pro- 
duction money until testing is com- 
pleted in 1962. 

The revised cost of producing and 
deploying a Zeus network to protect 
the nation’s strategic forces and the 
majority of the U.S. population is esti- 
mated to be about $8 billion—a figure 
lowered considerably in the last year 
through technical advances in the Zeus 
system. 

The inital cost is estimated at about 
$270 million for the first year. 

* Three-headed problem—Essen- 
tially, there are three factors involved 
in the decision facing Kennedy: 

~The first is technical. The Army 
and its technical experts have insisted 
since late 1959 that the Zeus system is 
technically assured and ready to go 
into production on a concurrent basis 
with the end of the R&D program. A 
number of experts outside the Army— 
including several in key positions have 
questioned this. 

-The second factor is economic. 
The Zeus R&D program including 
obligations planned in the FY ‘62 bud- 
get proposed by Eisenhower already 
has cost more than $1 billion. Previous 
estimates of the cost of deploying Zeus 
have run as high as $13 billion to $15 
billion. 

~The third factor is strategic. Many 
military leaders outside the Army con- 
tend that the billions of dollars needed 
for Zeus would be better spent on in- 
creasing the size of the U.S. arsenal of 
strategic striking forces. Army leaders 
counter that without Zeus the Soviets 
are being offered a “free ride”; that 
Zeus would increase tremendously the 
number of ICBM's the Russians would 
need for a big war—thereby greatly 
augmenting U.S. deterrent strength. 

All three factors were weighed dur- 
ing the closing months of the Eisen- 
hower Administration by an Ad Hoc 
Zeus Committee set up by Richard S. 
Morse, director of Army Research and 
Development. The committee included 
key representatives of Defense R&E 
Director Herbert York and _ then 
Presidential Science Adviser George 
Kistiakowsky. Both York and Kistia- 
kowsky have been leading opponents 
of committing Zeus to production. 

*® Objections overruled—The com- 


mittee found that during the last year 
the Zeus R&D program has remained 
on schedule; both its time schedule and 
its dollar schedule. At the same time, 
many of the previously-questioned tech- 
nical solutions to the problem of find- 
ing, tracking and destroying incoming 
ICBM warheads were proven to the 
committee’s general satisfaction. 

Moreover, two major theoretical 
arguments that have been used against 
Zeus were determined to have been 
generally vitiated. 

One has been the question whether 
Zeus could discriminate between real 
warheads and decoys that looked and 
acted exactly like warheads. 

The Army’s answer is that after 





Army programed spending 
on Nike-Zeus 


(in millions) 
FY '57 and previous $12.2 (R&D 
FY '58 55 (R&D 
FY '59 210.6 (R&D 
FY ‘60 297.8 (R&D 
FY ‘6! 302 (R&D 
22 = (Pre-pro- 
duction 
FY '62 about 250 (R&D) 


(Nearly half of all money going into 
the Army Guided Missile Agency is for 
Zeus. About one quarter of all money 
going into the overall Army Ordnance 
Missile Command is applied to Zeus.) 





several years of study the only thing 
that anyone has been able to find that 
looks and acts exactly like a warhead 
is another warhead. As one Army of- 
ficial put it: “We can contend with any 
decoys that anyone in this country can 
prove to be feasible. We are as ad- 
vanced as the threat—and more.” 

A second major theoretical argu- 
ment that has been used against Zeus 
is the strong belief among a number of 
scientists that there must be a cheaper 
and more effective method. For ex- 
ample, destroying an ICBM during 
its launch phase or intercepting it with 
a ray or a cloud of particles. 

The Army’s answer is that ARPA 
has spent some $300 million on Project 
Defender during the last two years and 
so far has found no feasible alternate 
to Zeus. 

Lt. Gen. Arthur Trudeau, chief of 
Army R&D and a leading advocate of 
Zeus, recently commented bluntiy: 

“We must face that if we want a 
missile defense system in this decade 
Zeus is the only answer known to the 
Free World. I would like to be able 


to hit enemy ICBM’s on the launching 
pad. I'd like to hit them as they come 
out of the factory door. But today 
Zeus is the only practical system.” 

In the field of military strategy, the 
committee particularly considered in- 
creasing military demands for an active 
antimissile defense. One of the prin- 
cipal leaders in making these is Air 
Force Gen. Laurence S. Kuter, com- 
mander of NORAD. 

Finally, the committee read recent 


intelligence reports that the Soviets 
have an antimissile missile under 
development. 


® Recommendation unavailing—In 
the end, the committee recommended 
to Morse that the Army should im- 
mediately begin production of Nike- 
Zeus on an “interim” basis. The re- 
port was passed on to the Office of 
the Secretary of Defense, but no 
change in policy resulted. 

The final Eisenhower budget called 
only for obligating about $250 million 
more in FY °62 for Zeus to complete 
the test program. There was no money 
for production. Moreover, Eisenhower 
stated flatly in his budget message: 

“Funds should not be committed 
to production until development tests 
are satisfactorily completed.” 

The “interim” production program 
proposed by the committee is based 
on the minimum number of batteries 
that it would be feasible to manu- 
facture. 

The cost the first year would be 
about $270 million. The cost the second 
would be about twice as much. 

Such a program would offer two 
considerable advantages: It could be 
expanded after the first year to the 
full program sought by NORAD with- 
out any loss of time. It could be 
greatly expanded after two years with 
only some loss of time. Deployment 
of the first batteries still would be pos- 
sible in 1964. 

Essentially, the committee’s recom- 
mendation is saying that the saving 
of nearly two years in time is worth 
the investment of about three quarters 
of a billion dollars. 

“If you never went beyond the 
interim program at all, Zeus would be 
highly useful,” one Army official 
argued recently. “At the very least you 
would have some means of taking care 
of mistakes. 

“The odds are that sooner or later 
one of these ICBM’s is going to get 
loose and then what do you do? Even 
a limited number of Zeus batteries 
would solve the problem.” 

® The big question—But such con- 
siderations are merely side issues. The 
central issue before Kennedy is whether 
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ARTIST'S CONCEPTIONS OF SYSTEM in operation. ABOVE: Nike-Zeus Defense Center, where oncoming ICBM’s would be 


0 Bos! e * 
detected and targets assigned to batteries. Acquisition Radar Receiver is at left, Transmitter at right. BELOW 
from typical battery site. In foreground are the Discrimination, Target Tracking and Missile 


missile is launched 
Tracking Radars 
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he considers Zeus’ strategic value in 
the Cold War worth the price. 

One way of weighing Zeus’ strategic 
value is to consider what would happen 
to the East-West arms balance if 
Russia had it 

Zeus is considered capable of inter- 
cepting a sizable majority of all on- 
coming ICBM's. But granting it only 
an effectiveness of 50% would mean 
that if Russia deployed it the United 
States would have to expand its stra- 
tegic striking forces tremendously in 
order to maintain even the present 
narrow margin of deterrence. 

Moreover, the introduction of an 
antimissile system into the already 
complicated deterrence equation would 
introduce a new element of doubt of 
great value and significance. 

As of today, the ICBM is un- 
stoppable once launched. Therefore, all 
calculations as to its effectiveness are 
based on its technical reliability. Active 
defense measures do not have to be 
considered as they have had to be for 
years in the case of strategic bombers. 

An antimissile missile would change 
that completely. The element of attri- 
tion over the target would become a 
fact that would have to be again faced 
by military strategists for all of their 
weapons. 

* ‘Great promise’—This is the kind 
of military thinking that has been be- 
hind the repeated pleas by Gen. Kuter 
for beginning the production of Zeus. 

“Our most immediate and pressing 
requirement in aerospace defense is for 
a defense against the intercontinental 
ballistic missile,” he said last April. 

“Opinions regarding the Soviet 
operational ICBM inventory vary only 
in‘ number. In the face of this known 
threat, a threat that could be unicsshed 
by a decision of Soviet leaders, there 
is a clear requirement for more positive 
thinking by the scientific community 
and more positive action in develop- 
ment, construction and placement of 
an effective anti-ICBM defense system 
in the NORAD operational inventory.” 

Then, turning to Zeus, Kuter added: 

“This project has shown great 
promise in its research and develop- 
ment program. The Department of 
Defense has announced future firing 
tests of Zeus against ICBM targets of 
the Atlas and Titan types. NORAD 
expects these tests will be successful 
and has urged the initiation of pro- 
duction...” 

On January 6 Kuter said essentially 
the same thing. 

Few military leaders agree more 
than General Trudeau. As he succinctly 
put it: 

“We dare not become so criminally 
complacent that we don't even try to 
defend ourselves.” 


* Interest grows—Regardless of 
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what Kennedy may do about Zeus, 
there is increasing interest in the 
program in Congress. As the capabili- 
ties of the Zeus system become more 
apparent, it becomes more difficult for 
opponents to justify delaying produc- 
tion. At the same time, public state- 
ments by military leaders have led to 
a growing awareness of a need for 
some active defense against the ICBM. 

A number of early hearings by 
various congressional committees are 
already being considered. 

As always, one of the key factors 
will be cost. But even the sting of 
that has been mitigated somewhat by 
the wide circulation of figures showing 
what the United States has spent in 
the last decade for defense against the 
nearly obsolescent Soviet bomber 
threat. 








RECENT R&D test shot of Zeus. Full 
operational Nike-Zeus system will be 
tested against Atlas warheads fired from 


Vandenhbere AFB, Calif., early in 1962. 









In the last several years alone, the 
Pentagon has spent an average of 
about $3 billion a year on air defense 
not including Zeus R&D. In the last 
decade, air defense costs have totalled 
nearly $35 billion. 

All factors considered, the chances 
for a go-ahead for Zeus production 
this year appear to be good. 

The basic reason was perhaps best 
summed up last month by Lt. Gen 
Robert Wood, chief of Army air de- 
fenses, when he said in a speech: 

“In the hands of the Russian 
(Zeus) would be carte blanche power 
for blackmail that might make us re 
consider our retort of years ago tc 
Barbary pirates about ‘not one cent 
for tribute.” We might pay dearly, for 
our very lives and freedom are at 
stake.” 3 
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NUKE-ZeEUS 


Tough Radar Problems Already Solved 


R&D work of more than four years has brought some real 
breakthroughs and confidence that the system is primed 
for mass production; detractors retreat by stages 


by Charles D. LaFond and Hal Gettings 


ACQUISITION 
20 sec. (100 m 


MISSILE 


TRACK 
RADAR DISCRIMINATION 
RADAR 


ACQUISITION 
RADAR 


PARAMETERS OF HYPOTHETICAL interception show magnitude of problem of 
ICBM defense. Assuming warhead speed of 18,000 mph and interceptor speed of 7200 
mph, system would have less than three minutes to acquire, define and establish tra- 
fectory of enemy warhead and deliver missile to intercept point. This means that 
primary acquisition would have to be made at ranges of 700-1000 miles. 
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MUCH OF THE ARMY’S con- 
fidence in Nike-Zeus as a workable 
ICBM defense system stems directly 
from the success of its research and 
development program. 

Begun in 1956 under the Army 
Rocket and Guided Missile Agency 
and its prime contractor, Western 
Electric, the R&D phase undeniably 
has produced some significant results. 
Major breakthroughs in acquisition and 
discrimination radars—key to the con- 
cept—have been made and are well on 
the way to being proved. Some tech- 
nological advancements are still needed, 
but the Army is convinced that noth- 
ing in the system is now beyond the 
state of the art. Officials say the system 
could go into production tomorrow 
with a running start. 

Bell Telephone Laboratories, re- 
sponsible for R&D system design, has 
already overcome a host of first-magni- 
tude technical problems. At first look, 
some of these certainly appear insur- 
mountable. And many of Zeus’ de- 
tractors are not convinced that they 
have been, or can be, solved. 

But square-jawed Lt. Col. Glenn 
Crane, ARGMA'’s “Mr. Zeus,” has a 
pat answer for the technical opposition 
to some of the advanced approaches 
involved in the program. 

“Our detractors usually go through 
a three-stage metamorphosis,” he says. 
“First, they state flatly that it can't 
be done. Then when they see us doing 
it, they admit that maybe it’s not im- 
possible after all, Finally, when the 
concept is fully proven, they will pat 
us on the back and say they knew all 
along that we could do it.” 

No one, pro or con, will deny that 
ARGMA bit off a large chunk when 
it set out to develop the Zeus. The 
system must be able to detect very 
small objects coming in from high 
above the atmosphere at speeds in the 
15-20,000 mph bracket. It must iden- 
tify and track multiple targets, and 
discriminate between real targets and 
decoys—and at speeds and ranges far 
beyond the capability of any other sys- 
tem. Finaily, it must be able to launch 
and control defender missiles to inter- 
cept and kill the incoming warhead— 
at altitudes high enough to safely deto- 
nate a nuclear explosion without harm 
to the earth below. 

Actual ranges and other perform- 
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NERVE CENTER OF ZEUS defense system is t 
and processes incoming data from the various radars to define the target and its trajectory, and 





- cs 


launch and guide the antimissile missile to its kill. 


ance requirements of ICBM defense 
are, of course, classified. A look at a 
hypothetical problem will, however, 
give an idea of the problems involved 
Logical assumptions as to speeds, travel 
and delivery items, radar character- 
istics, COMMunications and computa- 


tional requirements, etc., show that the 
operating parameters of such a defense 
system are enough to shake even the 
“most optimistic designer. 

* System approach vital—Arm y 
stresses the system approach as a large 


contributing factor in the success to 
date of the Zeus program. It contends 
that such a concept worked well in 
both the Ajax and Hercules systems 
and has been carried even further in 
the Zeus. To back this contention 
further, Army also points to Navy’s 
Polaris and its ahead-of-schedule devel- 
opment. In fact, ARGMA is such an 
admirer of Polaris management meth- 
ods that it has adopted a version of 
the Navy's PERT to prod its own 
program. 


arget intercept computer. The computer collects 


The Zeus system is no 
collection of black boxes 
and off-the-shelf com- 
ponents that can be put 
together by an amateur 
on weekends. Without the 
system approach, design 
concurrency, and forceful 
and intelligent manage- 
ment, it is extremely 
doubtful that a program 
of this size could be put 
together in a millenium 
The sheer magnitude and 
complexity of such a sys- 
tem with its problems in 
design, engineering, and 
production is enough to 
make its successful de- 
velopment seem impos- 
sible even to the initiate 
The Army admits that 
the impossible does take 
longer. 

The operational Zeus 
installation will be a vast 
complex of radars, com- 
mand and control equip- 
ment, and missile batteries 
—all tied together by an 
extensive computer complex. 

Radar is, of course, the prime com- 
ponent of the system. Several technical 
breakthroughs were necessary to get 
the equipment needed. Ranges, powers, 
precision, and discrimination capabil- 
ity are all beyond conventional radar 
performance. 

Operational requirements for the 
antimissile system—speed, range, intel- 
ligence, accuracy—are of an order not 
encountered in any existing system. 
Total time available for the system to 








RADIO-FREQUENCY SHIELDING fence 65 feet high com- 
pletely surrounds high-powered acquisition radar transmitter 
to be covered with metal screen to shield personnel and 


Fence 
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equipment from potentially dangerous electromagnetic radiation 
—was designed after completion of an extensive survey of the 
radiation hazard by the office of the Army Surgeon General 
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accomplish its objective—from acqui- 
sition to intercept—is only a few min- 
utes. The complete operation must be 
almost totally automatic since there is 
no time for human operators to con- 
trol the equipment, make decisions, and 
issue commands. Consequently, the sys- 
tem is built around computers which 
evaluate incoming information and 
make intelligent decisions based on 
this operation, It is built to operate 
“hands off” from detection to kill. 

An operational Zeus installation, or 
defense center, will include acquisition, 
discrimination, target track, and mis- 
sile track radars as well as the com- 
puter and missile battery control cen- 
ter. In operation, the acquisition radar 
will detect and acquire the incoming 
warhead. The discrimination radar will 
“study” the warhead and separate out 
decoys and other confusion devices. 
The target track radar will lock on the 
target and establish its trajectory. The 
target intercept computer, acting on the 
information received from the radar, 
will launch the Zeus missile and con- 
trol its flight through the missile track 
radar. The Zeus nuclear payload will 
be detonated on computer command at 
the intercept point, to kill the enemy 
warhead. 

* Acquisition radar—The Zeus ac- 
quisition radar (ZAR) represents the 
most significant advancement in the 
entire concept. If any one part of the 
system can be said to be the most im- 
portant, the ZAR is undoubtedly the 
one. 

To detect and acquire a target 
the size of an ICBM warhead traveling 
at speeds of five miles per second at 
ranges of 700-1000 miles is undeniably 
a problem of the first magnitude. In 
addition, the radar must be able to pro- 
vide track information on a large num- 
ber of targets simultaneously. And the 
time available to accomplish this func- 
tion is somewhere in the neighborhood 
of only 20 seconds. The acquisition 
radar was number one on the list of 
things-that-couldn’t-be-done. 

Due to the high output powers 
necessary, the ZAR uses individual 
antennas 1000 feet apart to transmit 
and receive. 

The transmitting antenna is a flat 
triangular arrangement of three arrays, 
each about 80 ft. long. It rotates 360 
degrees in azimuth and is mounted 
atop the half-buried hangar-size trans- 
mitter, A circular radiation-shield fence 
surrounds the entire two-story transmit- 
ter installation. Actual output powers 
are classified but they are in the multi- 
megawatt range. (Cornell Aeronautical 
Lab, under ARGMA supervision, just 
recently built a 50-megawatt microwave 
radar for research into ICBM detection 
and tracking.) 

The ZAR receiving antenna is a 
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unique application of a Luneberg lens. 
It is an 80-ft.-diameter solid hemisphere 
made of plastic foam impregnated with 
light slivers of metal. The slivers are 
distributed in the plastic in a very 
exact composition to vary precisely the 
dielectric constant. The metal-impreg- 
nated plastic acts very much like an 
optical lens, concentrating the returned 
radar pulses on multiple receiver horns 
inside the 110-ft. covering radome. The 
received information yields range, ele- 
vation, and azimuth data on the in- 
coming target. 

The ZAR receiving antenna incor- 
porates several unique innovations in 
antenna design—as well as pushing the 
state-of-the-art in pure mechanical con- 
struction. 

The most complex problem was the 
precise distribution of metal in the 
plastic foam. The solution is looked 
upon as one of the most important in 
the R&D program. The plastic is 
formed in 18-in. cubes and the hemis- 
phere constructed of these in much the 
same way that a solid igloo would be 
built. Forty-two box-car loads of the 
plastic are required for one antenna. 

The support bearing for the 1000- 
ton antenna is one of the largest ever 
made. Thirty feet in diameter, the 
bearing has an accuracy tolerance of 
0.0005 in. 

The receiver uses a maser ampli- 
fier to give the system an extremely 
low overall noise figure (about 4°K). 

* Discrimination radar — Develop- 
ment of the vital discrimination radar 
(DR) was another of the complicated 
problems besetting the Zeus team. In 
fact, the whole problem of discrimina- 
tion is one not yet entirely solved and 
requiring a great deal of research in the 
future. Continuing inputs from the 
Defender program, including data from 
Army’s DAMP (Down-range Antimis- 
sile Program) and PRESS (Pacific 


Range Electromagnetic Signature Study) 
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and development system testing. 


a<c. . 
TRANSMITTING ANTENNA of Zeus acquisition radar is as big as a baseball infield. 
Mounted on top of its transmitter, the antenna rotates at 10 rpm to sweep the sky for 
oncoming ICBM warheads. This installation at White Sands will be used in research 
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FIRST MODEL of Zeus target track 
radar is installed at Ascension Island for 
tests against nose cones fired down At- 
lantic Missile Range. Huge mount—which 
barely fits in C-133 transport—weighs 
tens of tons. Accuracy of mechanical 
components is extremely critical to match 
precision of overall system. 


are expected to shed further light on 
the problem. During the next year, 
ARGMA’s schedule calls for an ex- 
pansion of data from DAMP, collec- 
tion of actual tracking data with Zeus 
radar, and the tracking of decoyed 
shots. 

ARGMA’s approach to the dis- 
crimination problem is not to depend 
on any one technique nor to apply any 
one technique at just one point. Many 
promising methods are now within the 
state of the art and others are expected 
to come along in the near future. 

An Army spokesman recently said: 
“The art of discrimination today con- 
sists of a solid array of theories on a 
broad front—now we must collect the 
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necessary tracking data using actual 
Zeus equipment rather than just lab- 
oratory synthesis.” 

Army stresses highly the joint ef- 
forts expended on the discrimination 
problem in cooperation with the Air 
Force. ARGMA maintains liaison offi- 
cers at both Vandenberg AFB and 
AFBMD headquarters. The two serv- 
ices work together on decoys and dis- 
crimination, nose cone design and sig- 
natures, firing schedules for DAMP, 
and long-range cooperation of the Zeus 
radar on Ascension Island. 

Army provides AF with signature 
data to help them in nose cone design. 
AF passes on to Army decoy develop- 
ment information and booster frag- 
mentation data for radar tests. And, of 
course, both cooperate on firings of 
the AF Atlas in a double-barreled ef- 
fort which serves to train AF crews as 
well as provide targets for Zeus track- 
ing and intercept. 

Details on the Zeus discrimination 
radar are pretty tightly bound up in 
security. Primary feature of the vari- 
able-beam antenna used is its great 
data-handling capacity. The transmitter 
uses a multi-megawatt klystron power 
amplifier tube developed specifically for 
Zeus. 

* Target track radar—The needle- 
beamed target track radars (TTR) take 
over automatically once the target is 
located by the ZAR. They furnish con- 
tinuous precise trajectory information 
to the computers to determine the inter- 
cept point. 

The TTR uses a 25-ft.-Cassegranian 
reflector in a 40-ft. radome. Basic fea- 
tures of the radar are its range versus 
small target radar cross-section, very 
narrow beam, and extreme accuracy. 
Its huge mount weighs in the tens of 
tons and is reportedly the most precise 
ever produced. The Zeus TTR was 
used in the recent successful missile 
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kills by the Nike-Hercules. 

® Missile track radar—The missile 
track radar (MTR) tracks and guides 
the Zeus missile to the intercept point, 
and commands its destination. Track- 
ing is achieved through a beacon in 
the third stage. Design of the MTR— 
described by ARGMA as “a relatively 
simple job”—is a direct outgrowth of 
the Hercules track radar. 

* Target intercept computer—The 
brain connecting the flow of informa- 
tion to and from the radar complex 
monitoring an incoming ICBM and 
directing the defending Nike-Zeus is 
the target intercept computer (TIC). 

Simply stated, its role is to solve 
the guidance and control problem for 
successful intercept of anything from 
a single attacking warhead to a salvo 
employing decoy tactics. 

Western Electric and the Army be- 
lieve that TIC will do the job. More 
importantly, its design is _ flexible 
enough to do it well into the future— 
as state of the art is advanced for 
AICBM's, ICBM nose cone design, 
and decoy techniques, 

The computer is a high-speed digi- 
tal system employing all the tricks of 
built-in reliability. A design goal of 
0.01 failure per 1000 hours operation 
for high-speed switching transistors and 
deposited-carbon resistors gives an in- 
dication of the severe requirements to 
be met in fabrication. 

In testing transistors during the ex- 
tended reliability studies, over 160 mil- 
lion hours test time have been accumu- 
lated, during which there occurred a 
total of only 7 hours failure time. 

® Fabrication unique-—Over 90% of 
the computer system is comprised of 
one standardized electronic package. 
Called an “A-module,” these cigarette- 
package-size units are assembled in 
horizontal racks designated “C-planes.” 
These in turn are stacked and con- 


nected in drawers called “D-modules.” 

All electrical connections employed 
in the system are made using the “wire- 
wrap” technique to avoid solder con- 
nections. With over one-half-million A- 
modules used in a single system which 
requires more than 20 million connec- 
tions, the wire-wrap method eliminates 
the danger of faulty connections and is 
applicable for automation. 

The module assembly approach, 
too, lends itself to automated fabrica- 
tion and inspection, Also, it later sim- 
plifies maintenance and unit replace- 
ment in the field. 

The computer is capable of 200,- 
000 arithmetic operations per sec- 
ond (roughly 20 times better than a 
standard high-speed business com- 
puter). 

It employs a variable, permanent- 
memory device comprised of elements 
called “twistors.” The twistor, which 
consists of tiny bar magnets and ex- 
tremely fine wires wrapped with mag- 
netic metal tape, is another recent Bell 
Labs development. Although new, its 
production already has been automated 

Acquisition of data from storage 
requires about 2.8 microseconds. 

® Radar/computer processes—The 
guidance computation problem starts 
with ZAR when it detects and acquires 
probable targets. The radar outputs are 
fed into the detection data computer at 
a Zeus defense center. 

A battery is assigned responsibility 
and first inputs are fed into its target 
intercept computer, The battery dis 
crimination radar is engaged and the 
identification process begins. 

Using a variable-beam antenna, the 
DR employs its long range, short pulse- 
width, and multiple-frequency transmit- 
ter to obtain a reflected identification 
of the approaching vehicles. 

By extremely sophisticated process- 
ing, these data will be separated and 
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compared with all the known identifi- 
cation characteristics held in storage 
within the computer. 

Discrimination, in over-simplified 
terms, can be compared to sorting 
apples. Radar information received 
from the target is shuffled down through 
various “screens” by the computer, 
sorting it out according to various pro- 
gramed parameters. Based on known 
characteristics of ICBM warheads, the 
incoming data are dumped into various 
trays and classified until, by a process 
of elimination, the real target is identi- 
fied and the trash discarded. 

It is the collection of this mass 
of meaningful signature characteristics 
that has received such a concentrated 
effort during the past two years from 
both the Army and the Air Force. 

© TTR and missiles assigned—When 
an approaching vehicle is identified as 
a probable target, the computer assigns 
a target tracking radar, assigns particu- 
lar Zeus missiles for a defensive salvo, 
and initiates missile warmup. 

Reaction time is paramount at this 
point, for such vital components as the 
power supplies and gyros must be ready 
ahead of the launch order 





Technical Breakthroughs in 
Zeus Development 


* Low-noise receiver 

* CHIRP (Signal Compressor tech- 
nique). 

* Twistor (Computer 
memory device). 

* Super-power klystrons. 

* Luneberg lens media. 

* Production techniques for computer 
components (Al-modules and C- 


permanent 


rep: 
* Mass production of high-reliability 
transistors. 
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Data received from the TTR is then 
analyzed to compute the time of flight 
and determine Zeus initial intercept tra- 
jectory and burst point, These data are 
then fed from the computer to the 
missile tracking radar assigned to each 
Zeus missile. 

The missile tracking data and Zeus 
guidance inputs are under continuous 
refinement. At the computed time, the 
launch order is generated by the com- 
puter and the salvo first-stage rocket 
engines ignited. 

Principal intercept corrections, once 
the birds are in flight, are made just 
seconds before reaching the planned 
intercept point. 

Missile arming and fuzing occurs 
only when a series of safety require- 
ments have been met (altitude, speed, 
etc.). 

Finally, the computer issues the 
burst order and then clears for the 
next defensive action. 

* Missileborne guidance—One of 
the great advantages in any radio- 
command guidance system is relative 
simplicity of the missileborne guidance 
package. Zeus is no exception, al- 
though somewhat more flexible in its 
capability. 

Electronics in the third stage is 
standard, consisting of the transponder 
or radar beacon, command receivers, 
gyro reference platform, control sys- 
tem, power supply, timers, and associ- 
ated circuitry, 

The reference platform is a fully 
gimballed system employing three 1- 
degree of freedom gyros. 

Control by the missile tracking 
radar on the ground is accomplished 
by means of the transponder (for 
tracking) and the command receivers 
(for guidance orders). 

Power for the third-stage electron- 
ics is from a battery pack. Hydraulic 
actuation for control of the four exter- 





nal vanes on the warhead is by a hot- 
gas turbine. This same system also 
controls the third-stage rockets for 
omnidirectional control in the extra- 
atmosphere. 

No terminal homing is employed, 
because of the need for an ablative 
nose-cone during missile exit. Use of 
such a system might be desirable but 
is currently beyond the state of the art. 

® Manual override—The entire 
Nike-Zeus weapon system is fully auto- 
matic, but human intervention is pos- 
sible at any time. 

At the battery control centers, con- 
soles provide three-dimensional screen 
displays for monitoring defense opera- 
tions. Here also is located a manual 
override whose use is discouraged but 
nevertheless is available when neces- 
sary, 

Also located in battery control are 
extensive troubleshooting panels. These 
indicate maintenance status for all of 
the electronic equipment and indicate 
which particular rack and drawer is 
defective upon failure. Additional indi- 
cator lights on the equipment racks 
more precisely locate faulty units. 

* Automatic checkout — Heart of 
the checkout system is Stromberg-Carl- 
son’s SCATE (M/R Sept. 21, 1959; 
p. 54). The automatic checkout system 
is a fully transistorized, high-speed 
system which uses Mylar punched tape 
for programing. 

The equipment has been completely 
integrated with the ground and missile 
guidance system. It provides constant 
monitoring and scanning of sensitive 
test points, a go/no-go readout, visual 
and printed, and includes fault predic- 
tion analyses. 

A supplement to the unit is an r-f 
test set used to test the missile-borne 
guidance package. It is remotely con- 
trolled from the master control panel 
at the battery control center. 
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NIKE-ZEUS 
Speed-up 
Of Missile 

Output Would 

Be Simple 


Douglas and Thiokol see no 

major difficulties in expan- 

sion; support equipment is 
also well advanced 


by William J. Coughlin 


THE LEAST COMPLICATED 
aspect of the Nike-Zeus development 
program is the missile itself. 

Many production problems already 
have been solved at Douglas Aircraft 
Co., in turning out the several hundred 
missiles needed for the research and 
testing phases. 

On the propulsion side, Thiokol 
jumped from a 3.5-in. scale motor to 
a full-scale Zeus booster without any in- 
tervening models—or trouble. 

Douglas says that a step-up in pro- 
duction to the numbers currently be- 
ing discussed would require only a 
slight expansion of facilities at the 
Torrance plant of the El Segundo Di- 
vision. 

“The problems, if any, are of the 
nature of trimming a resistor or beef- 
ing up a frame,” says R. L. Johnson, 
chief engineer, Missile and Space Sys- 
tems. “They are of the type that do not 
require drastic changes in design, pro- 
duction facilities or support equipment.” 

* Tempered optimism—Complex- 
ity of the Nike-Zeus system lies in its 
computers and radars, Johnson points 
out. Production of the missile can be 
increased to whatever numbers are de- 
sired well within the time span required 
to step up production of the electronic 
equipment. 

“We also are further ahead with 
support equipment—launchers, shipping 
containers and test sets—than we were 
with Nike-Ajax and Hercules at this 
stage,” Johnson adds. “We feel we 





CYLINDRICAL CHAMBER for the Zeus third stage guidance propulsion unit has 
its loading area diameter checked by a Douglas Aircraft Co. technician. 
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know more about Nike-Zeus than we 
did on either of those.” 

This optimism is coupled with the 
caution that not all problems are solved 
yet—or even known. 

Although 48 1/3-ft.-long Nike-Zeus 
is a fairly straightforward design, it 
does have some unusual features re- 
quiring production techniques which 
are pushing the state of the art. 

These include: 

-Insulation of the entire missile with 
exception of the booster. Application of 
this to the aluminum missile requires 
special tools and techniques. 

—Motor case production from high- 
strength modified 4340 steel. Several 
years study have been necessary to 
develop the know-how and equipment 
for this. 

—Use of large plastic nozzzles. In 
the case of the booster this means a 
42-in. bell. At the time development 
of these was begun, the techniques re- 
quired were well in advance of the 
technology. 

Major design objectives were to 
hold down weight and size of the mis- 
sile and to improve its flight time to 
target. Douglas engineers settled on 
aluminum shielded with ablative ma- 
terial, with high-strength steel for mo- 
tor casings. 

The booster, which has a burning 
time of 5 sec., is of conventional de- 
sign with a plastic nozzle and aluminum 
fins. The sustainer likewise is of high- 
strength steel. The nozzle also is plastic 
and the aluminum fins are covered with 
ablative material. 

* Third “cousin”—First two stages 
of Nike-Zeus have been deliberately 
kept simple, N. T. Weiler, chief project 
engineer, notes. All of the headaches 
have been saved for the third stage. 

A spherical, third-stage solid-pro- 
pellant motor provides forward thrust 
and out-of-atmosphere control through 
the missile’s cannard-design “jetavator” 
control system. Control within the at 
mosphere is aerodynamic. The third- 
stage engine is not used to gain velocity 
—as in a conventional ballistic missile 
—but primarily for control 

“It’s a first cousin to a third stage 
but you can confuse people by use of 
the term,” Weiler warns. For inter- 
cepts within the atmosphere the final 
stage does not separate from the sus- 
tainer. 

Base section of the “jethead,” or 
third stage, contains the guidance sys- 
tem and the inert quick-activating bat- 
tery airborne power supply. Small ex- 
ternal fairings in this area are antennas. 

Forward of the guidance system is 


(continued on page 41) 
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N] 00 MIDAS II, the experimental “sentry in space,” is the forerunner of a series 
of satellites that will detect the launching of ballistic missiles anywhere on 

WM DA| earth and instantly relay the warning. Its entire communications system was 
designed and produced by Philco’s Western Development Laboratories for 


the U.S. Air Force, as associate contractor with Lockheed. 
This is another example of Philco’s leadership in advanced electronics that 


is contributing to our national defense . . . in satellites, missiles, weapons 
systems, communications and data processing. For vast capacity, facilities 


through communications and experience, look to the leader . . . look to Philco. 






equipment by Philco Government and Industrial Group, Philadelphia 44, Pennsylvania 
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KEEPING BMEWS ON THE AIR 


RCA Checkout and Automatic Monitoring Equipment Guards BMEWS Reliability Around the Clock 


are designed to test the BMEWS early warning 
capability to its fullest extent. Automatic moni- 


The incredible complexity of the BMEWS network 
and its vital mission in continental defense demand 
the ultimate in system reliability. Through unique 
and highly advanced developments by RCA this 
standard is being achieved. 


The RCA Checkout Equipment installed at BMEWS 
sites performs a dual function—it generates and in- 
serts realistic simulated target problems for on line 
exercising of the entire system. These integrated tests 


toring detects degradation prior to failure and isolates 
marginal conditions or malfunctions enabling rapid 


corrective maintenance. 


Around-the-clock operation of this RCA equipment 
enables BMEWS to meet its over-all operability goal 
with negligible downtime, thus keeping BMEWS 
on the air! 





' *8PRHe one 
ry 


a ‘ 
_ > 
» 





The Central Automatic Monitoring Console dis 
plays the status of the entire site. and distr 
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RCA Checkout and Automatic Monitoring (CAM) Equipment has greatly 
enhanced the reliability of complex ground environment systems. Adaptable 
for use in systems already completed, and as an integration tool for systems 
urrently being implemented, CAM equipment is available for all complex 
ommercial, military, and government systems. For a description of the 
RCA Checkout and Automatic Monitoring Equipment, write to: RCA Major 


Defense Systems, Defense Electronic Products, CAM 127-204, Moores- 
own, New Jersey. 


The Checkout Data Processor generates simulated 


Jisploys missile attacks and evaluates the BMEWS response 
equipment degradation pr to f : 





The Automatic Monitoring Console displays degra 


dation and the location of degraded equipment 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 
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Megawatt 
for NIKE ZE 


With a booster of over 450,000 pounds of 
thrust, NIKE ZEUS will need still 
another form of power to fulfill its anti- 
missile assignment. This other power is 
in millions of watts — energy for the 
system's extended range target tracking 
and discrimination radar transmitters. 
Developed for the Army by Sperry out 
of its long experience in high power 
radars, and employing giant-wattage 
Sperry klystron tubes, the target tracking 


rad 


5S... 


transmitters will permit greater-than- 
ever capability for radar tracking of 
“hostile” targets. The discrimination 
radar is designed to classify targets 
according to the nature of the threat. 
NIKE ZEUS—the nation’s only anti- 
missile missile system now in the advanced 
development stage —is undergoing R&D 
and pre-production programming under 
the Army Rocket and Guided Missile 
Agency (ARGMA) cognizance, with 
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Western Electric as prime contractor and 
Bell Laboratories responsible for the 
overall system. It is the only missile sys- 
tem now in development for intercepting 
ICBM’s...to defend our cities and 
defense sites. 


SPEnRY 


SURFACE ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY—DIVIS/ION OF SPERRY RAND CORPORAT ON, GREAT NECK, N.Y 
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(Continued from page 36) 
the hydraulic auxiliary power unit— 
an AiResearch solid propellant gas 
generator. Above the APU is the 
third-stage engine and then the hy- 
draulic control system for the fins. 
Final item, of course, is the nuclear 
warhead. 

® Straightforward production—En- 
gine cases are fabricated at the Tor- 
rance facility from steel sheet. This is 
inspected ultrasonically and then rolled 
on conventional equipment into half 
cylinders. These are trimmed, joined 
and welded longitudinally with an auto- 
matic inert gas shield arc. 

Domes are conventionally deep- 
drawn. Douglas is experimenting with 
explosive forming for final configuring, 
not only for domes but for spherical 
motor case in the jethead. The domes 
are formed with an opening for the 
igniter boss, with some machining of 
this and the attach points. Cones for 
nozzle attachment at the opposite end 
of the motor case are machined from a 
forging. 

Douglas has developed a unique 
nozzle attachment said to be about 
half the weight of a conventional bolt 
joint. This involves use of flexible 
steel, with no stress on the nozzle at- 
tach points until actual firing of the 
motor. 

Before the dome and nozzle are at- 
tached to the case by roll seam weld- 
ing, the case goes into a sizing machine. 
Here, a series of segmented mandrels 
expand it to given diameter. 

The igniter boss, machined from a 
forging, is welded to the dome; the 
case is heat-treated in a vertical gantry- 
type cylinder. This is a conventional 
quench and draw process under closely 
controlled conditions. 

Final trimming on the igniter boss 
and nozzle attach joints is done with the 
case in a large lathe. Aluminum alloy 
frames for attachment of adjacent mis- 
sile sections then are lock-bolted on. 

Interior insulation of the sustainer 
is cured in place under heat and pres- 
sure after being laid in at the ends of 
the cases. Interior booster insulation 
is done at Thiokol. 

Douglas reports actual proof test- 
ing of these cases to 237,000 psi. Two 
were cycled at this figure for over 100 
cycles with no failure. With firing pres- 
sures of 217,000 psi, Douglas engineers 
are hopeful of going to a lighter weight 
and less expensive case material. 

* Propulsion breakout—For an in- 
terim period, Grand Central Rocket is 
providing propellant for the sustainer 
and third stage and Thiokol for the 
booster. In mid-year, Thiokol is to be 
phased in on the other two stages. Dur- 
ing the research and development 
period, cases are shipped to Thiokol 
tor loading. Production loading will be 
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MASSIVE SHAKE TABLE simulates 


at the Charlotte, N.C., arsenal. 

The third stage is manufactured in 
the standard airframe approach with 
some formed and some machined 
frames covered by 24ST aluminum 
alloy welded into a cylinder. This stage 
is manufactured in four sections, for 
ease of access to interior equipment. 
The jethead has a minimum of access 
panels due to high temperature en- 
countered in flight. 

Details of plastic facilities used for 
turning out the lightweight nozzles are 
classified; Douglas feels that the dras- 
tic reduction in weight over equivalent 
steel nozzles—some 50% —amounts to 
a breakthrough. But the method used 
is known to involve helical winding of 





flight 




























vibrations in the Nike-Zeus jet head 


fiberglass filaments onto the nozzles 
after application of glass cloth. 

A. J. Carah, Nike-Zeus design en- 
gineer, says the Torrance facility as 
now equipped could not quite meet 
production numbers presently under 
discussion. A new heat treat furnace 
and additional welding equipment 
would be among the items required. 

“But we could start production right 
now and build up to a fairly substantial 
rate quickly,” he asserts. 

Production of the third stage and 
final assembly of the production missile 
will be at the Charlotte arsenal, where 
Nike-Zeus will be checked out as an 
integrated unit and then shipped to site 
or depot as required. a 


FINISHED MOTOR CASES for Nike-Zeus booster stage are stored for future use 
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Missile 


Has Special 


Protective 
‘Skin’ 


by Dr. R. M. Wood and 
T. J. Ashley* 



















EPOXY GAP FILLER is applied to 


langitudinal crevice between insulative 


sheets on Nike-Zeus section. 




























FILLED AREAS are blended with sur- 
rounding coating by sanding after heat 
cure. Base is Shell's Epon 828 resin. 
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A UNIQUE FEATURE of the pro- 
duction of Nike-Zeus was the develop- 
ment of the insulative shield which 
covers the missile’s entire metal ex- 
terior—a coating made necessary by 
the extreme acceleration Zeus must 
achieve immediately after lift-off in or- 
der to meet its target on schedule. 

Flat sheets or molded shapes of 
phenolic/nylon are bonded to all sur- 
faces of small angle of attack. Phenolic / 
Refrasil covers leading edges and other 
areas subject to high aerodynamic shear 
and pressure forces. 

The severe aerodynamic heating en- 
countered during the booster stage of 
flight requires that all gaps, joints, holes 
and surface imperfections in the insula- 
tion must be repaired or thermally pro- 
tected to prevent damage to the missile 
structure beneath. 

Gaps are inevitable, in spite of the 
close-fitting sheets. Normal manufactur- 
ing tolerances in the fabrication of flat 
and molded parts also create difficulties. 

* Perfection a necessity—In some 
areas of the missile the heat flux rate 
varies greatly with geometry. Weight 
can be cut significantly by permitting 
the insulation thickness to vary with the 
geometry and heat flux rate. For these 
areas, parts are molded to contour. But- 
ting molded parts to flat sheets invari- 
ably produces gaps which are as deep as 
the coating and up to 1/8-in. wide. 

Holes also are a problem. After the 
missile structure has been produced, 
technicians must be provided access to 
to the interior of the missile to make 
adjustments and to install various pieces 
of equipment and telemetry hardware. 
Access openings are provided in the skin 
to permit entry. When all work finally 
is completed, the openings are sealed by 
means of panel doors which are bolted 
in place. Bolt holes in the insulation are 
as large as the boltheads, and may be 
as deep as the protective coating. Holes 
must be filled flush with the coating. 

In addition to gaps and holes, there 
is also the possibility that the coating 
may be gouged or scratched as a result 
of handling while the missile is in transit 
to the launching pad. Damages of any 
kind to the coating must be repaired 
before the countdown button is pushed. 

Considering the insulative require- 
ments of the protective coating, the 
material selected to fill gaps and holes 





* Chief, Thermodynamics and Nuclear 
Science Section, and member, Missile 
Experimental Thermodnamics Group, re- 
spectively, Douglas Aircraft Company, 
Inc. 





has to perform as well or better than 
the coating itself. During flight the outer 
surface of the insulative material will 
be heated to an ablation temperature 
At this temperature it begins to decom- 
pose and the surface regresses. At no 
time should the gap filling compound 
deteriorate faster than the coating, nor 
debond; otherwise, aerodynamic heating 
could affect the metal skin of the mis- 
sile at those points. 

Normally, it is not required that the 
gap filler be the same density as the 
primary thermal insulating or ablating 
materials. This is because the gaps and 
bolt holes represent a relatively small 
area over the missile. 

Even if the density of the filler were 
quite high, it would not represent a 
critical weight factor because only small 
amounts of materials are applied. 

The gap and hole filler used on the 
Nike-Zeus is a heat-resistant, classified 
formulation developed in the Douglas 
Materials Research and Process En- 
gineering Laboratories. It is a composi- 
tion based on Shell Chemical Co. Epon™ 
828 resin and cured with diethylenetri- 
amine. It has low shrinkage, good me- 
chanical strength and excellent adhesion 
to metals and reinforced plastics. While 
good room-temperature cures can be 
achieved, Douglas prefers to apply heat 
to speed curing—especially in the field. 
Large furnaces are employed in-plant; 
heat lamps are used in the field. The 
epoxy material is easy to prepare and 
can be applied with relatively simple 
equipment. 

*® Caulking Zeus—Gaps in the pro- 
tective coating are filled with a pneu- 
matic gun where two pieces butt to- 
gether, and by hand where complex 
molded parts are faired into sheet ma- 
terial. The epoxy gap filler is prepared 
in both cases by mixing only the amount 
of resin and curing agent that can be 
used within a certain period. 

For gun applications, the mixture is 
loaded into a Teflon container which is 
reusable because the resin will not ad- 
here to this plastic unless the latter is 
especially treated. The container is then 
placed in a metal barrel which is at- 
tached to the trigger mechanism. After 
the Teflon filler tip is screwed into the 
container, the gun is ready for use. 

The epoxy filler is pumped out of 
the tip, the end of which is fitted with 
a washer to smooth the resin as it em- 
erges. When the resin has cured, the 
filled areas are sanded to blend with the 
surrounding protective coating. Holes 
and surface imperfections are hand- 
filled with the epoxy material and 
sanded smooth after cure. & 
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On some undisclosed date in the future, the free world’s only 
anti-ICBM missile system now in development—the U. S. 
Army’s Nike-Zeus—will face another critical test. 

A Nike-Zeus complex located on tiny Kwajalein Atoll in the 
Pacific must detect, track and kill oncoming ICBM’s. USAF 
crews will fire the would-be enemy (Atlas) missiles from Van- 
denberg AFB. 

One of the key performers in the spectacular intercept will 
be 1250 tons of Acquisition Radar standing several stories high. 
Westinghouse is supplying the antenna drive motors and con- 
trols and a 30° dia. hydrodynamic thrust bearing under sub- 
contract to Goodyear Aircraft Corp. Westinghouse is one of the 
few companies, anywhere, that could manufacture a bearing of 
this size. 

Imagine the demand for precision accuracy and delicate 
maneuvering to get the jump on an ICBM. Tolerances for the 
bearing were extremely exacting: sectors of the 30’ diameter 
segmented bearing must be held flat within .0005”. 

Westinghouse can supply complete drive systems and me- 
chanical components for just about any type of radar antenna. 
From a simple AC drive for continuous scanning on up to com- 
plex solar exploration radar. We provide the complete pack- 
age: motors, gearing, controls, thrust bearings, etc. 

So relay your requirements to Westinghouse... via the local 
Westinghouse sales engineer or by writing direct: Westing- 
house Electric Corporation, P. O. Box 868, Pittsburgh 30, Pa. 
You can be sure... if it’s Westinghouse. J-92508 


*Prime Contractor: Western Electric Co./Bell Telephone Laborator 


Westinghouse 
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Army insists on most rigid 
possible test program, but 
no frills; $90 million so far 
for brick and mortar 


by John F. Judge 


NIKE-ZEUS testing sites are scat- 
tered halfway around the globe. Facili- 
ties are in operation or under construc- 
tion to check out every aspect of the 
complex antimissile missile system. 

The massive test program is de- 
signed to complete Zeus system devel- 
opment in the shortest possible time. 
Simultaneous testing of various compo- 
nents is under way from Ascension 
Island in the South Atlantic to Kwaja- 
lein Atoll in the Pacific's Marshall 
Islands. 

Approximately $90 million has 
been spent to date for brick-and-mortar 
type construction alone at all test sites. 
The Army's Corps of Engineers is 
handling the construction job. 

No frills have been added to the 
task of checking out the system. “The 
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ZEUS being readied for test firing. 
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Army is real hard-nosed about gold 
plate,” says one contractor. Each site 
was chosen with care. For example, 18 
locations in the Atlantic and 33 in the 
Pacific were considered before Kwaja- 
lein was picked. 

* Checkout problems—Nike-Zeus 
differs from the rest of the Nike family 
in that the system must “see” the 
enemy object much farther away and 
with greater accuracy. And this object 
is traveling at ballistic speeds 

To compound the testing problem, 
Zeus is designed to combat future war- 
heads including those re-entering at 
speeds greater than Mach 15. A wide 
spectrum of targets are incorporated 
in the Zeus design. 

Ultimate proof of Zeus will come 
in actual engagement of incoming war- 
heads. The Air Force is cooperating 
closely with the Army in the design 
and construction of “special” targets 
to be launched with Atlases from Van- 
denberg at the tail end of the testing 


program. 
This entails the Zeus system actu- 
ally “defending” Kwajalein Atoll 


against America’s operational ICBM’s. 

Major test facilities include: 

* Bell Telephone Laboratory, Whip- 
pany, N.JI.—Computers simulate “fly- 
ing” the birds in the “Blue Room”— 
named after the color of the walls. 
BTL is equipped with a large radar 
complex. Scientists in the Basic Sys- 
tems Design Group have a backyard 
capability to checkout the complex 
gear to determine if it lives up to de- 
sign predictions. A Zeus Target Inter- 
cept Computer (TIC) is currently be- 
ing installed. 

Backed by years of similar effort 
in the overall Nike programs, the Whip- 
pany complex has saved the Zeus 
project “countless” dollars in the live 
firing tests alone by investigating every 
conceivable aspect before actual igni- 
tion. Such simulation flights checked 
out very closely with live test shots in 
the Hercules program. 

ARGMA considers Bell’s work in 
this area as the most important single 
aspect of the entire test program. 

* Ascension Island—Ballistic §mis- 
siles fired down the Atlantic Missile 
Range from Cape Canaveral soon will 
be tracked by highly accurate radar 
equipment. A Zeus Target Track Radar 
(TTR) has been installed and ener- 
gized. Its dish antenna measures 25 ft. 


The Sun Never Sets on Zeus Testinc 


across and a plastic radome houses 
both it and its 200,000-lb. mount. 

Information on the radar charac 
teristics of incoming warheads will be 
recorded on magnetic tape by a com 
puter. Data from ARPA’s DAMI 
(Downrange Antimissile Program) shi; 
and two Air Force instrumentation ves 
sels will supplement the TTR acquirex 
information. The Zeus TTR data wil 
be fed into computers at White Sand 
and Point Mugu to check on the accu 
racy and reaction time of the Zeu 
system. The tapes will simulate ar 
ICBM target, providing the Zeus mis 
sile with the location of the warhead 
and intercept points. At White Sands 
and Mugu, Zeus missiles will be fired 
and recording instruments will indicate 
its success in intercepting the “ghost 
target based on information fed into 
the target intercept computer by the 
Ascension Island tapes. 

The TTR at Ascension is expected 
to be operational by mid-1961. Its re 
corded data also will be given to the 
Air Force. 

® White Sands, N.M.—Partly fin 
ished, this Zeus facility includes a com 
plete radar complex, launch cells, bat 
tery control and necessary data process- 
ing equipment. The range has a size 
limitation allowing only the firing of the 
first two stages of Zeus. Thus the test- 
ing of the missile up to and including 
second-stage firing and control gen- 
erally defines the range’s mission. 

Firings are conducted over White 
Sands Extension, a 40-by-40-mile sec 
tion leased by the Army. But the tests 
may be run only at specific times 
never during the lambing season. The 
handful of residents living in the area 
insisted upon this provision in their 
lease to the Government 

Designated Highball I, Il, and Ill 
these new tests here will consist of 
radar checkout objects boosted to alti 
tudes over 100,000 ft. by Asp-Apache 
research rockets, The series was de 
veloped by the Physical Sciences Lab 
oratory, New Mexico State University 

Payloads will be parachutes, bal 
loons and other items designed to check 
out radar equipment with respect to 
target cross-section, multiple targets 
and the like. A B-47 will be tracked to 
trim the radar. 

*® Point Mugu, Calif.—This year al! 
three stages of Zeus will be fired for the 
first time down the Pacific Missile 
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Facilities 


ange. Two launch sites, Missile 
lracking Radar, Target Intercept Com- 
puter, associated data processing equip- 
ment and control facilities have been 
stalled. The facility is purposely be- 
ing kept as austere as possible, utiliz- 
ing all available existing buildings and 
equipment. 

*® Kwajalein Atoll—Showdown tests 
of the Zeus system will take place over 
this tiny Pacific islet. Zeus missiles will 
be fired at re-entering warheads 
launched from Vandenberg AFB. Fir- 
ings are expected to commence within 
14 months, 

The antimissile system will face two 
categories of targets: regular warheads 
and special nose cones developed spe- 
cifically for Zeus tests. Equipment is 
now being installed to test out all the 
items in the Zeus system. 

Every test at Kwajalein will be a 
complete system test. Facilities include 
telemetry sites on the neighboring is- 
lands of Ennylabegan, Gugegwe and 
Roi-Namur. A communications re- 
peater station at Eniwetak and a bore- 
sight tower at Ennylegaret complete 
the ground stations 


KWAJALEIN ZAR RECEIVING ANTENNA (left) partially surrounded by ground 
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plane structure. At right, transmitter and triangular antenna; center, radar power plant 


During the Pacific tests, any modi- 
fications or fixes will be carried out at 
White Sands or Point Mugu instead of 
at the atoll. The reasoning behind this 
move is aimed at keeping the person- 
nel at Kwajalein to a minimum. 

Radar trim will involve B-47 flights, 
similar to those at White Sands. For 
Kwajalein tests, an advanced series of 
Highball firings will be undertaken at 
Roi-Namur. A Nike-Ajax booster will 
be added to the original Highball pro- 
pulsion system to checkout radar and 
intercept capabilities of the Zeus sys- 
tem. Called Speedball, this series will 
reach altitudes in excess of 100 miles. 
Eventually, Hercules missiles will be 
involved in this aspect of the program. 


KWAJALEIN—Showdown Test Site .. . 
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All of the Atlas warheads fired will 
be part of regular SAC training exer- 
cises with ICBM’s. The “special” war- 
heads will be designed specifically to 
confuse Zeus or present it with mul- 
tiple targets and decoys 

The Kwajalein tests are expected to 
be overwhelming proof of the Zeus 
capability. Various parameters of tar- 
gets and intercept geometry will be 
randomized with actual firings and in 
terpolated Blue Room data. 

Zeus was designed from the begin- 
ning to afford a positive defense against 
the enemy ICBM’s of the next 10 years 
Accordingly, the Army wants the tough- 
est tests current U.S. missile technology 


has to offer 3 
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NUKE-ZEUS 


How Components Makers Met Demands 


Case histories of AiResearch’s development of APU 
and Western Gear's work on system's radar antenna components 


THE PRECISION end performance required of Nike-Zeus imposes 
severe requirements upon the program's subcontractors. 

To gain some idea of how these demands are being met, MISSILES AND 
ROCKETS went to manufacturers of two major components in the Nike-Zeus 


system—The Garrett Corp.'s 


AiResearch 


Manufacturing Division, Los 


Angeles, a subcontractor for an important airborne component; and Western 
Gear Corp., Lynwood, Calif., subcontractor for ground system components. 
Their experiences, outlined in the accompanying article, typify those of 


many Zeus suppliers. 


by Richard van Osten 

COMPLETELY NEW _  PROB- 
LEMS faced The Garrett Corp.'s Ai- 
Research Manufacturing Division three 
years ago when it won the subcontract 
for the Nike-Zeus hydraulic auxiliary 
power unit (APU). 

Similarly unprecedented problems 
were encountered by Western Gear 
Corp., Lynwood, Calif., when it set 


ment of a completely new solid propel- 
lant for the APU’s gas generator. Most 
propellant research has centered on the 
propulsion system, with little attention 
to specialized, super-clean-burning mixes 
for APU turbine applications. The sys- 
tem is now using a nitrate-base propel- 
lant developed by Olin Mathieson Chem- 
ical specifically for the Zeus APU. 
The propellant did not exist when 


the program started, but was createc 
to AiResearch specifications by OMC 
to meet requirements of temperature 
burn rate, stability in storage and relia 
bility. The APU operates throughou 
all Zeus flight stages. 

® Pushing the art—Another prob 
lem was design and development o 
the APU turbine. The turbine now be 
ing used in the unit turns at 78,50( 
rpm, compared to 50,000 rpm in the 
Hercules APU, and has a top speed of 
approximately 1590 feet per second 
The unit is also designed to withstand 
a 50% overspeed condition. AiResearch 
claims the 50% operating efficiency 
makes it one of the most efficient tur- 
bines ever developed. 

Turbine blades and wheel are inte- 
gral. Because of the very small clear- 
ance between the blades, it was not 
possible to use a conventional machine 





subcontracts for 
radar antenna 
components for 
the Zeus system. 
’ In both cases, 
the critical re- 
quirements of the 
unique anti- 
ICBM missile 
system were met 
or exceeded. 
When it be- 
gan development 
of its APU, under 
a Douglas Air- 
craft sub-con- 
tract, AiResearch 
had the advantage 
of prior APU 
work for the 
Nike - Hercules. 
But the Los An- 
geles firm found 
that it was up 
against problems 
which couldn't be 
answered on the 
basis of previous 
experience. 
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OVERBOARD DUMP 
SAFETY ABORT 


MONOPOLE SPEED 
PICK-UP (INSTRUMENTAL 
R&D ONLY) 


TURBINE EXHAUST 


AiResearch has 
used several ap- 
proaches, but the 
current approach, 
electrical-t y pe 
metal removal, is 
the Elox process 


iain cutting method. 


WVORAULIC with Anodcut as 
PUMP 
(FIXED an alternate. So 
DISPLACEMENT) far, the results 





have been very 
good despite close 
spacing of the 
thin blades and 
the 2000°F im- 
pinging gases. 
The APU 
drives a Vickers 
pump, but other 
pumps produced 
by the Kellog Di- 
vision of Ameri- 
can Brake Shoe 
and N.Y. Air 
Brake will be 
evaluated. Addi- 
tional propellant 
evaluation is an- 
ticipated also on a 
Rocketdyne solid 





ad 





* Clean pro- 
pellants — One 
was the develop- 


4 


HYDRAULIC POWER UNIT built by AiResearch for Zeus includes gas generator 
assembly (in rear), turbine exhaust (front center), pump (lower right). 


mix developed at 
its McGregor, 
Tex., facility. 
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The APU has a torque-matching 
system based upon the high-performance 
axial turbine’s characteristic sloping 
torque performance curve, where stall 
torque is greater than rated speed torque 
und varies between these two points for 
a constant input gas hp. If a turbine is 
operating at design speed and load 
torque, and the load torque is increased, 
turbine speed will reduce to the point 
where a new equilibrium condition is 
established with the higher torque avail- 
able at the reduced speed. 

These parameters may be replaced 
with pump pressure vs. pump flow, be- 
cause capacity of a fixed displacement 
hydraulic pump is directly proportional 
to turbine speed and the torque required 
to drive the pump is directly propor- 
tional to pump discharge pressure. 

In the Zeus APU, the design point 
in gallons per minute (gpm) corre- 
sponds to a turbine speed of 78,500 rpm 
at a pump volumetric efficiency of 96%, 
and turbine torque at that point cor- 
responds to a pump differential pressure 
of 3000+ psi. Pump discharge goes di- 
rectly to an accumulator having an air 
precharge pressure of 2200+100 psig 
prior to system start. Accumulator out- 
put is directed to the missile system 
through a regulator valve which main- 
tains missile system pressure between 
2700-3200 psig. 

If missile flow demand drops to 
servo system leakage only, momentary 
excess output from the pump is pre- 
vented from damaging the system by 
use of a hydraulic relief valve with a 
cracking pressure of 4000+psi. Bypass 
flow is returned to the low-pressure 
reservoir. 

The high-pressure accumulator is 
specifically designed and sized to match 
turbine and pump characteristics and 
compensate for turbine system inertia. 

The low-pressue hydraulic (boot- 
strap) reservoir has sufficient oil capac- 
ity to fully charge the high-pressure ac- 
cumulator to meet maximum missile 
surge requirements. It also provides ade- 
quate heat sink capacity to limit fluid 
operating temperature to 200°F at the 
end of the operating cycle. A differ- 
ential area piston in the reservoir pro- 
vides proper inlet pressure to the hy- 
draulic pump. 

Variations in gas generator output 
are most significant in the Zeus APU 
and must be compensated to make the 
system workable. To handle this prob- 
lem, a burn rate control is incorporated 
to enable adequate matching of input 
and output torques. 


The burn rate control uses basic 
characteristics of a solid-propellant gas 
generator. Specifically, if combustion 
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WILD T-3 THEODOLITE mounted on hobber table was used by Western Gear to 
check index accuracy of the precision gear used on a Zeus radar antenna. 


pressure is increased, burning rate will 
increase and increase the flow rate. 

® Challenge to Western—Western 
Gear Corp. is subcontractor to both 
Goodyear and Continental Can for ra- 
dar antenna components. The company 
supplies components for the Zeus De- 
coy Discrimination Radar (DDR) and 
Acquisition Radar (AR) to Goodyear 
and Target Track Radar (TTR) com- 
ponents to Continental Can. 

An extremely critical component in 
these three antenna systems is the 
azimuth bearing assembly which carries 
loads and stresses between the rotating 
and pedestal sections of the antennas. 
The bearing is identical in both DDR 
and TTR antennas. 

The bearing assembly consists of a 
bearing subassembly and a ring gear 
for antenna position data pickoff. Over- 
all diameter of the assembly is approxi- 
mately 56 in. Inside diameter of the 
bearing’s outer race is 45 in. The ring 
gear on the assembly’s perimeter has 
1344 teeth. 

Specifications called for accuracies 
on the order of 3.4 sec. of arc in angular 
accuracy between any one gear tooth to 
any other tooth on the ring. 

Other requirements demanded that 
bearing race radial clearances not ex- 
ceed 0.0002 in. Overall dimensional 
tolerances across the assembly’s diameter 
were limited to a very few ten-thou- 
sandths of an inch. Specifications re- 
quired also that the bearing’s inner race 
be capable of being turned over without 
disturbing tolerances. This minimizes 
field maintenance problems in bearing 
replacement. 

When Bell Telephone Laboratories 
first set forth overall requirements for 
the systems and components, BTL was 
not certain the needs could be met 


Neither was Western Gear, but it was 
willing to try. 

* Exotic gear checkout—After de- 
ciding the job could be done with exist- 
ing equipment, the company was faced 
with the problem of how to prove it 
had met specifications. In searching for 
proof techniques, it was determined 
that an adaptation of methods used by 
machine tool manufacturers could be 
used. 

This required construction of an 
optical metrology laboratory equipped 
with instrumentation rarely, if ever, 
found in gear inspection techniques. 
The laboratory also required strict en- 
vironmental controls and has been 
designed to hold temperatures to with- 
in 1°F, 

The critical azimuth bearing as- 
sembly is temperature-soaked in the 
laboratory prior to inspection. Then an 
instrumentation combination of a Wild 
T-3 theodolite and Leitz autocollimat- 
ing equipment is used to determine if 
the assembly meets specifications. There 
has been little difficulty with this 
method, and the company says its re- 
jection rate is almost Zero. 

A considerable amount of hand 
assembly is required for the bearing. 
All rollers in the bearing assembly are 
“hand-selected” and constantly com- 
pared against a master set to determine 
deviations from the standard and feed 
in any tolerance corrections required. 

The azimuth bearing is one of the 
most precise units of its type ever 
developed, a good example of how 
Zeus requirements have pushed the 
state of the art in a number of tech- 
nologies. Western Gear’s solution is 
not unique, but it emphasizes that solu- 
tions are available to many problems 
in advanced design and production 
although they may come from an “out- 
side” source. 3 
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There is only one anti-ICBM system under advance tional hours without component failure. The first of 
development in the free world—the U.S. Army’s several Target Intercept Computers has been delivered 
NIKE ZEUS. Once an enemy missile is detected, on schedule to the White Sands Missile Range. 
only minutes remain in which to intercept and destroy Experience to date indicates that design requirements 
it. A Target Intercept Computer developed and have been more than adequately met. 
produced by Remington Rand Univac solves launch- A permanent twistor memory and a ferrite core 
ing time and predicts the time and point of intercept. scratch pad memory are vital to reliability, assuring 
At the precise moment, T.1.C, commands the firing continuous operation until an attacking missile is 
of the NIKE ZEUS missile and issues the necessary intercepted and destroyed. Decisions are made in 
microseconds. Built-in error detection circuitry and 
unique modular construction have resulted in nearly 
automatic maintenance. 

Univac’s NIKE ZEUS Target Intercept Computer 
meets new standards of design and capability, and 
the most crucial test of front line defense—reliability. 
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NiKle-ZeEUS 


CONSTRUCTION of Zeus receiver en- 
closure and transmitter at Kwajalein Atoll. 


Bases Would be Many and Sprawling 


Site on Kwajalein will be operational prototype 
if production begins now; ‘brick and mortar’ takes 16 months 


DEPLOYMENT OF NIKE-ZEUS 
would involve a lot of real estate. 

The system is huge. 

“If you think the bullet is big,” says 
one program engineer, “wait’ll you see 
the gun.” 

Each defense center with its numer- 
ous separate missile-launching batteries 
would be situated on vast tracts of land. 
Studies show a typical battery of 24 
underground Zeuses encompassing up 
to 125 acres—enough room for three 
Pentagon buildings and plenty of park- 
ing space. A comparable stretch of land 
would be needed to accommodate the 
giant acquisition radar, transmitter and 
power plant of a defense center. 

Herein lies a problem. Many bat- 
teries designed to protect cities presum- 
ably would be located in heavily popu- 
lated areas. Some skeptics believe it may 
take a year or more just to acquire some 
of the land. 

But the Army’s Corps of Engineers, 
which would run the construction pro- 
gram, feels more optimistic. The Corps 
believes that once given a go-ahead they 
can get the land and complete the “brick 
and mortar” phase of construction—all 
within 16 months. 

The Corps, however, also is realistic. 
To avoid lengthy condemnation pro- 
ceedings, officials are looking over avail- 
able government-owned land. It may be 
practical in some areas to utilize exist- 
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ing Nike-Hercules sites, or to “satellite” 
batteries around military installations. 

To defend Washington, for example, 
Army’s Ft. Meade, Md., could be used 
as a base for logistic support and for 
housing personnel. Perhaps a defense 
center or some of the batteries could be 
built on the fort’s grounds, thus holding 
down the amount of new land to be 
acquired. 

* Changing plans—Today, plans for 
deploying Zeus are still fluctuating 
rather widely. They are subject to the 
many variables being pumped through 
computers, in search of answers to how 
much money will buy how much pro- 
tection. All of these plans are classified. 
And, because it will be possible to set 
up Zeus in a variety of combinations— 
with one or many batteries operating 
off a single defense center—officials are 
reluctant to give cost estimates on even 
a single basic unit. 

One battery, admits one official, 
probably will cost “quite a bit more” 
than a soft Atlas base, which bears a 
$40-million-to-$50-million pricetag. 

Perhaps a better guide is the R&D 
installation now approaching 60% com- 
pletion on Kwajalein Atoll. This facility 
—including a complete defense center 
and a battery of four missiles—is ex- 
pected to cost $75 million. (However, 
this figure is inflated by an overseas con- 
struction cost index of 2.00 to 3.00, 


which would bring the cost in stateside 
dollars to $52.5-60 million.) 

Should Zeus be committed to pro- 
duction now, the Kwajalein installation 
would become the prototype for tac- 
tical units, Base design—drawn from 
experience in building R&D installa- 
tions-—already is well advanced, so 
that the Corps can begin construction 
whenever it is asked. 

* Simple design—No great base 
construction problems are foreseen now 
—since most of the structures are fairly 
straightforward in design. The missile, 
moreover, is solid-fueled, eliminating 
the intricate fueling systems which 
created so many headaches in the build- 
ing of ICBM bases. 

One difficulty lies in providing 
stable foundations for the huge radars, 
which impose rather impressive dy- 
namic loads. Care has been taken to 
design away from harmonic effects and 
those caused by natural vibrations of 
the earth. 

Safety has been another considera- 
tion. During the R&D program some 
launch facilities were made “over-safe,” 
the Corps has found, simply because 
there was no previous experience in 
handling a bird with Zeus’ high-thrust 
booster. 

The first R&D launcher was an open 
reinforced concrete structure about 40 
ft. deep that allowed exhaust gases to 
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FIRST piece of 
Zeus operational 
equipment to be in- 
stalled on Kwaja- 
lein. (Atop ZAR 
Trans. Bldg.) GAC 
employees in fore- 
ground and Capt. 
Kleis, the ARGMA 
PFO exec., in back- 
ground, 


EARLY R&D 
launcher at White 
Sands Proving 
Ground was used in 
most Zeus develop- 
ment firings. Opera- 
tional launcher will 
be vertical cell 
type, for under- 
ground firing. 


escape unconfined after striking a rein- 
forced concrete deflector. Subsequently, 
a “cell” type launcher was designed 
and built which provided for adjusting 
the degree of exhaust gas confinement. 

This is a prototype which Burns & 
Roe Inc., A&E for facility design, says 
will lead to the ultimate development of 
an underground launcher. At White 
Sands Missile Range there is an under- 
ground launch control building which 
is designed to protect personnel and 
equipment from an accidental explo- 
sion of the missile. The safety factor 
accounts for the 125 acres needed for 
the batteries. Moreover, the Corps be- 
lieves it will have to either get an ease- 
ment for another 115 acres around 
each battery or build revetments to 
protect nearby populated areas. 

Thought is being given to hardening 
the batteries. Missiles would be serviced 
via tunnels leading from the control 
buildings which house utilities, instru- 
mentation, data transmission and equip- 
ment for remotely controlled warm-up 
and firing of the missiles. 

It is estimated that about 500 tons 
of air conditioning will be needed for 
an acquisition site to control the en- 
vironment of high-powered electronic 
gear. Design of the defense centers, as 
well as the batteries, called for solution 
of several unique problems— including 
special shielding of electronic equip- 
ment and personnel from spurious high- 
intensity RF energy. The inflatable 
radomes require a highly redundant 
pressurization system. 

® Fast reliability—- Basic power 
sources also are critical. Specs call for 
a reliability factor of only two 10-sec. 
interruptions per year. The Corps is 
planning to insure continuous power 
with a site-generated steam turbine 
equipped with a steam accumulator. 
This will maintain the system until a 
fast-fired spare turbine can be turned on. 

Studies have been made of the prac- 
ticality of using nuclear power. But 
only for remote areas outside the con- 
tinental U.S. 

R&D for base construction is be- 
ing supervised at Redstone Arsenal by 
Col. Cecil Fuller, deputy chief of the 
Mobile District Corps of Engineers. 
Should there be a production go-ahead, 
base construction would be contracted 
through the various Corps districts 
covering the country—in much the 
same way ICBM and antiaircraft mis- 
sile base contruction is handled. 

Even in the event a_ full-scale 
deployment of scores of Zeus units is 
ordered, the Corps does not see any 
great burden being thrown upon it or 
the nation’s construction industry. As 
one official puts it: 

“If we get construction money for 
Zeus, we will get less for something 
else. Our worry is not getting it.” % 
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NOKE-ZEUS 


Management Is All Ready to Roll 





by Frank G. McGuire 


THE ARMY-INDUSTRY TEAM 
guiding the development of Nike-Zeus 
is already highly organized to enter the 
A-ICBM into a mass production cycle. 

It has been ready to go for a year. 

During this period an enormous 
amount of study has been put into re- 
fining the means of bringing forth an 
operational Zeus—in all its complexity 
—in the shortest possible time. So that 
now, Brig. Gen. John G. Zierdt, chief 
of the Army Rocket and Guided Mis- 
sile Agency, says production procedures 
and channels are “completely estab- 
lished.” 

Tooling up is expected to take 
about one year. But, for all its size, no 
requirement is seen for additional fac- 
tory space. Neither will there be a pro- 
duction “line” as such for the system— 
only for components. 

S. C. Donnelly, Western Electric 
Zeus project manager for production, 
has been organizing a production pro- 
gram since 1959 under a $19.9-million 
planning contract. z 





ZIERDT 





DONNELLY 


Donnelly has a team of about 1000 
engineers at Western Electric’s Burling- 
ton, N.C., works. They have been stay- 
ing abreast of developmental changes 
during the R&D cycle to identify areas 
that will need attention during produc- 
tion. Their detailed plans cover pro- 


duction value analysis, _ reliability, 
quality assurance and design work on 
tools and facilities. 

Moreover, they started to develop 
production equipment last year under a 
new $22-million contract. This included 
the design of pilot lines for the mass 
production of such items as high-relia- 
bility transistors, and other electronic 
parts—items which will be in demand 
even if Zeus is not funded for produc- 
tion. 

* $5 million daily—Because of this 
advance work, Western Electric feels it 
is “in a good position to go into pro- 
duction now.” As one company official 
put it: 

“We've got a head start on the 
tougher nuts of bringing costs down.” 

Some idea of the magnitude of 
Donnelly’s problems of moving into 
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MANAGEMENT TEAM is headed by Brig. Gen. John G. Zierdt, ARGMA com- 
1ander. S. C. Donnelly is Zeus project manager for Western Electric. Lt. Col. Glenn 


Zeus,” 


Crane, “Mr. 


is ARGMA project director. Primary tool in management pro- 


cedure is meeting of principal contractors every 4-6 weeks to iron out problems and 
knock heads together. Since program is countrywide, meetings are held in various 
regions. January get-together in Los Angeles included visit to Zeus facility at Pt. Mugu 


and to Douglas plant. 
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mass production can be gained by com- 
paring the change in spending that 
would result. 

Under the R&D program, the 
countrywide Zeus effort is spending an 
average rate of about $1 million a day. 
Under a production program, of any 
size, spending would increase to more 
than $5 million a day. Moreover, it 
is not only the amount of spending 
that is tremendous, but the size and 
complexity of the Zeus subsystems 
themselves. 

The huge radars can not be as- 
sembled, tested and shipped; they must 
be assembled and tested at their de- 
ployment sites. The work of thousands 
of contractors, 14 government labora- 
tories, and dozens of agencies cutting 
across DOD and the AEC must be co- 
ordinated into a production line not un- 
like that which has produced Atlas and 
Polaris. 

In addition there are the multiple 
headaches of coordinating site con- 
struction schedules, tieing in the system 
with the North American Defense 
Command and solving the strategic 
questions involved in base deployment. 

However, Western Electric officials 
regard Zeus in a broad sense as a Na- 
tural successor to the Nike-Ajax and 
Nike-Hercules systems which they suc- 
cessfully produced. 

*® Ajax was proof—‘“The design 
concept is not based on any new theor- 
ies that have never been tried before,” 
one official said. “We are simply deal- 
ing with a longer range, and a smaller 
target moving at higher speed. The 
basic theory of Zeus was proven in 
Ajax.” 

Western Electric produced both 
Ajax and Hercules on a concurrent 
basis with their R&D programs. 

With Hercules, the Army awarded 
Western Electric a prototype contract 
more than a year before the R&D 
models were completed. With Ajax, the 
first production model came off the pro- 
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TABLE SHOWS AGENCIES PARTICIPATING in the Nike-Zeus program. 


duction line only six months after the 
first prototype. 

Western Electric and the Army be- 
lieve in moving as quickly as R&D in- 
dicates production is feasible. Says 
Zierdt: 

“There is a point at which the R&D 
phases of a weapon system reach a 
point of leveling off in their improve- 
ment of a system, and then it becomes 
mandatory to go into production or 
lose vital time.” 

Feasibility studies on Zeus began 
early in 1955, They were completed in 
1956. The initial R&D contract was 
awarded late the same year and work 
actually began in early 1957. Both the 
Army and its industry team have been 
ready to begin production since late 
1959. 

No production team has been named 
in fact, but the general presumption 
has been that the present team headed 
by Western Electric (see page 54) 
would be selected. 

Given a go-ahead, Western Electric 
would center its production control at 
Burlington. 

The government-owned Burlington 
shops are the second largest of West- 
ern’s North Carolina plants. Its 700,000 
square feet of manufacturing space 
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cover much of the former Tarheel 
Ordnance Plant. 

Western moved into Burlington in 
1946. Since then it has used the shops 
there for the assembly of Ajax and 
Hercules as well as ship-based gun di- 
rectors and antennas. Presently, it is 
producing components for Terrier and 
Titan as well as advanced kits for con- 
verting Hercules to improved models. 

The company-owned Winston-Salem 
works is the main Western Electric 
plant in North Carolina. It covers 1.5- 
million sq. ft. It has 7200 employes 
producing electronic components, while 
Western's 280,000 square foot plant at 
Greensboro has 1600 employes. 

Conceivably, failure to obtain a 
production contract in the next few 
months might cause some layoffs among 
the Burlington plant’s 4100 employes. 
It also would affect its 4000 suppliers. 
The end of 1960 saw the completion of 
the Hercules production run with the 
exception of the conversion kits. 

*® Production planning—In_ effect, 
during the past year, Western Electric 
has been putting together a series of 
master plans to roll Zeus batteries out 
at any rate desired by the Army. 

The studies have been numerous 
and detailed. They have included: 





WESTERN ELECTRIC CO. 
(PRIME CONTRACTOR) 
| 





BELL TELEPHONE 
LABORATORIES 
(SYSTEM R& D) 


DOUGLAS 
AIRCRAFT CO. 
(MISSILE) 


ORD SPECIAL 
WPN & AMMO COMD 
(WARHEAD ADAPTION KIT) 
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PICATINNY 
ARSENAL 


-Lead time. 

-Flow of equipment from second 
tier subs to tactical sites. 

-Type of documentation necessary 
to support maintenance. 

-GFE (for standardization, availa- 
bility, etc.) 

—Determination of standard produc- 
tion equipment necessary. 

—Quality assurance program. 

-Transportation. Special demands 
(expanded to include deployment and 
installation schedules. ) 

—Reliability in production. 

—Possibility of “breakout” of items 
for competitive procurement from subs 
other than R&D companies. (A time 
phase schedule is being worked out for 
spare parts procurements and mainten- 
ance. ) 

-Production facility requirements 

-Missile motor cases production. 

-Automated transistor production 

—Design of stable platform produc- 
tion. 

-—Development and inspection tech- 
niques for producing the missiles’ abla- 
tive cover. 

* Logistic support—The great prob- 
lems of logistic support of a program 
of any magnitude has been given active 

(Continued on page 54) 
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os Angeles — Microdot Inc. has en- 
red the field of strain measurement 
vices through the acquisition of 
ficro-Test, Inc. of Santa Monica, Cali- 
nia. Through this move, Microdot 
jill manufacture and market the only 
veldable strain gage in the U.S. —a de- 
pice that is capable of continuous opera- 
ion at 800°F and dynamic test to 
5 O°F. ; 
lhe weldable strain gage, used exten 
vely in missile, space, and atomic proj 
ts, will be integrated with Microdot’s 


xisting pressure, force, and acceleration 


easurement capabilities 


‘eldable strain gages, one-piece, etched 
ire filaments in swaged stainless steel 
ubes,are suitable for use from cryogenic 
» elevated temperatures. Photo shows 
ypical gages in actual size. 


The Micro-Test acquisition is in line 
with other current moves by Microdot 
fo enhance and broaden the company’s 
instrumentation capabilities. Other 
Micro-Test products to be offered by 
Microdot include: temperature sensors 
hn 60 and 120 ohm resistances that are 
tompletely insensitive to strain, and her- 
etically sealed load cells with adjust- 
ble temperature sensitivity offered in 
anges of from 5,000 to 50,000 pounds 
or both compression and tension- 
tompression. 
| Microdot sees great potential for the 
pplication of these new devices wher- 
ver physical phenomena can be meas- 
hred and controlled. The weldable strain 
Rage is already being used in atomic 
feactors, the exterior of submarines, in- 
tide chemical vats, on pilings sunk into 
fhe St. Lawrence Seaway, and a wide 
variety of airborne defense projects. 


ICRODOT INC. 


220 Pasadena Ave. 
South Pasadena, California 


ircle Ne. 15 on Subscriber Service Cord. 





“WE HAVE NEVER REJECTED 
TERROR ON PRINCIPLE... 


The words are Lenin's. 


Remember them... particularly when 
your contribution to defense —to the 
potential terror of space age war — 


chafes at your principles. 


They'll help you know that 
what you do keeps fingers off buttons... 
that the real business of the defense business 


is survival. 





(Continued from p. 52) 


consideration during the R&D phase. 

Handling of the more than 100,000 
spare parts will be done with high-speed 
communications to supply depots. While 


special Composite Support Units com- 
prised of Ordnance, Engineers and 
Signal Corps personnel will handle 
maintenance. 

Training of cadres for operational 
units is under way. 

The Army and industry say they are 
ready—all they need is the word from 
the White House. bs 





Nike-Zeus 
R&D Contractors 


Prime—Western Electric Co. 


Principal subcontractors and area 
of effort* 


Allis-Chalmers Mfg. Co.—Target track an 
tenna 
Air Products, Inc.—Refrigerator for Maser 
Armstrong Cork Co.—Acquisition Rader 
Dielectric 
Avco-Everett Research Laboratory—Opti 
cal Discrimination 
Bell Telephone Laboratories, Inc.—System 
Design 
Bomarc Laboratories, Ince—High Power 
Duplexer 
Burns and Roe, Inc.—Facility Design 
Continental Can Co., Inc.—Tracking An 
tenna Mounts 
Continental Electronics Mfg. Ce.—Acqui 
sition Radar Transmitter 
Douglas Aircraft Co., Inc.—Missile uBscRl 
Booster, Méissile-Handling and Test 
Equipment ube 1 
Doehler-Jarvis—Wave Guides AL tS 
S . 7 6. Dow Chemical Co.—Acauisition Radar D 
= Z — electric 
OOOO0000C Eagle-Picher Co.—Battery packs 
Oooo00c O00 F.X.R., Inc.—Rotary Joints 
— ty 1 } ( , Goodyear Aircraft Corp.—Acquisition 
Z ° ° + 4 a \\ 4; Radar Antenna 
’ a . ‘ 1.7.E. Circuit Breaker Co.—Rotary Joints 
Kaydon Engr. Corp.—Bearing Assemblies 
Lear, Inc.—Stable Platform 
Arthur D. Little—Refrigeration System 
Messinger Bearing Inc.—Radia! Bearing 
Minneapolis-Honeywell Regulator Co. 
Accelerometers 
Narmco Mfg. Co.—Target Track Antenna 
Remington Rand Univac—Computers 
Sperry Gyroscope—Target Track Rada 
Transmitter 
Steel Products Eng. Co.—DMissile Track 
Radar Antenna 
Stromberg-Carlson Co.—Test Equipment 
Texas Instruments, Inc.—Tactica! Display 
Thiokol Chemical Corp.—Booster 
Transfilm-Caravel Inc.—Motion Pictures 
Vickers Inc. Div. of Sperry Rand Corp.— 
Target Track Antenna, missile APU 
Waterman Products Co.—Oscilloscopes 
Western Gear Corp.—Gear Reductic 
Unit, Drive Gear 
Westinghouse El ec t ri c—Hydrodynam 
Bearing 
Wheeler Laboratories Inc.—RF Plumbing 


*As listed by Western Electric Co. 
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Receive your personal copy of 
missiles and rockets every week 


Examine this copy of Missiles and Rockets, The Missile/Space 


Weekly. You will quickly see why M/R is relied upon by subscribers 


for fast-breaking news stories and complete technical eeditorial cov 


erage of missile electronics, propulsion, advanced materials, ASW 


and ground support equipment. 


lf you are not now a regular sub 


scriber, it will pay you to have your personal copies of M/R delivered 


regularly to your home, office, or laboratory on a weekly subscrip 


tion basis 


ENTER MY NEW | SUBSCRIPTION TO 
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your principal 

field of work : 
Missile frames 
Power plants 
Support systems 
Components 
Consultants, R&D 


Missile base / range 
operations 


Propellants 
Metals, Materials 
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These missile engineers already know 
the value of missiles and rockets ... 


“lt keeps me up to date on new developments. All the information is condensed 
and you do not have to wade through a thousand pares to get a nickel's worth of 
information." 


‘| like the magazine. It is different; it covers everything in as few words as possible.”’ 
—Engineer, R & D, Missiles, Radar Communications 


“| want to keep up with the industry in which | am engaged. This publication con- 
tains information that | do not get elsewhere.’’ 
—Analytical Engineer, Rocket Equipment 
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lubricated Coaxial 
Connector 


Prodelin, Inc. has available a lubri- 
tated coaxial transmission line anchor 
sulator connector that assures the 
limination of galling on bullet type 
ner conductor contact surfaces. This 
xclusive Prodelin product was espec- 
hilly designed to eliminate high power 
ransmission line failures caused by 
he balling of bullet contact surfaces 
sulting from differential expansion 
between inner and outer conductors. 

Accelerated life tests under normal 
bperating conditions of contact load 


-—products and processes 





have been conducted on Prodelin con- 
nectors which remained in_ perfect 
operating condition for a period equiva- 
lent to a normal operating life of 
twenty years in the field. Further tests 
in outside laboratories and field in- 
stallations have verified initial labora- 
tory tests conducted under simulated 
field conditions. 
Circle No. 225 on Subscriber Service Card. 


Gallium Arsenide Crystals 


The Electronic Chemicals Division 
of Merck & Co., Inc. is manufacturing 
single crystal gallium arsenide in pro- 
duction quantities. The material is avail- 
able in both doped and undoped form 
with carrier concentrations ranging 
from 1x10"* carriers per cubic centi- 
meter to degenerate levels. Crystals can 
be delivered to a doping tolerance of 
+ or — 50%. Dopants employed are 
zinc, tellurium and tin. 

Circle No. 226 on Subscriber Service Card. 


Barometric Timer 


A type of barometric timer appli- 
cable to pilot escape systems, high 
speed air cargo drop systems and cer- 


tain missile arming or recovery systems 
is available from Patterson Moos Re- 
search Division of Leesona Corp. 

The device, about 4 in, long, less 
than 1% in. in diameter and weighing 
0.5 Ib. is a mechanical clockwork 
mechanism which provides a fixed 
time-delay between the time and arm- 
ing pin is pulled and a pressure car- 
tridge is fired. An internal aneroid 
block senses altitude and prevents op- 
eration outside certain pre-set altitude. 
An aneroid leak indicator warns of 
malfunction. 

Circle No. 227 on Subscriber Service Card. 


Zener Reference Element 


Hermetically sealed 1N429 silicon 
zener reference elements for military 
and civilian land, sea and airborne 
power supplies will provide voltage 
stability of +1% or better over the 
temperature range from -S55°C to 
—100°C. Manufactured by International 
Rectifier Corp., the 1N429 has a low 
6.2 volt operating voltage (in contrast 
to the high starting level of gas tube 
regulators), making it highly suitable 
for precison instrumentation, computer 
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NEW 
“SHELF” 
ITEMS 
FROM 
PROPELLEX 


Now ...in stock, ready for 
immediate delivery...a wide 
variety of cartridge and propellant 
actuated devices that can 
eliminate your own research and 





development, speed up manu- 
facturing, allow you te complete 
vital projects in a minimum of 
time. 

Propellex is also an experienced 
source for rocket motors, solid 
propellants, igniters and initiators, 
gas generators, organic nitrates 
and explosive metal forming. 


“eo 





for further information, write 


PROPReLLExkAXHrHr_ 
CHEMICAL DIVISION CHROMALLOY CORPORATION 


P. O. BOX 187, EDWARDSVILLE, 
PHONE EDWARDSVILLE 3400 








ILLINOIS 
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Cartridge Actuated 

Cable Cutter, Model No. 133 
for cutting up to 4%” dia. steel 
cable, wire or tubing. Reusable 
with replacement of integrated 
knife /cartridge. 


Linear Actuator, 
Model No. 128 


for direct or linkage actuation— 
with two complete and totally 
independent ignition systems. 


Ballistic Delay 

Initiator, Model No. 367 

for delayed or instantaneous gas 
initiation—can be modified for 
various delay and/or pressure 
outputs. 


Cartridge Actuated 
Thruster, 
Model No. 298 


Locked before firing 
and at end of stroke. 
Can be modified for 
either gas or elec- 
trical actuation. 


Sub-miniature Actuator 

Available in “‘push" or ‘“‘pull’’ 
action, in a range of strokes 
and force outputs. Designed to 
replace solenoids in many air- 
craft and missile applications 


WEST COAST OFFICE: 
12536 CHADRON AVENUE 
HAWTHORNE. CALIFORNIA 
Telephone SPRING 2-12/8 or 
OSBOURNE 5-0158 
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advance to a unique situation 


at the heart of defense planning... 


with RCA 


Scientists accustomed to an atmosphere of intensive thinking and 
high-level accomplishment will find RCA'’s Advanced Systems Staff 
most stimulating. Removed from the importunities of administrative 
detail, they will concentrate their full capacities upon determining 
concepts for very advanced military systems and techniques, 

and upon directing programs to implement their conclusions 
Space satellites and missiles will receive particular emphasis 


Current fields of study include counter-measures, advanced 
communications, high resolution radar, systems support, USW, 
information handling 

Present opportunities are for electrical engineers, physicists and 
mathematicians with a minimum of 5 years’ experience, 

and an advanced degree 

The location is in the Greater Philadelphia area, offering many 
civic, cultural and educational advantages 

Are you the unusually imaginative man for one of these unusually 
stimulating positions? We would appreciate your writing 


Dr. A. H. Benner, Dept. MR-11A 
Radio Corporation of America 
Bidg. 10-1 

Camden 2, New Jersey 


The Most Trusted Name in Electronics 


RADIO CORPORATION OF AMERICA 


Circle No. 24 on Subscriber Service Card. 








| and other data processing equipme 


where precise low voltage regulation # 
required. In addition, any number of 
1N429 diodes may be used in series to 
obtain higher voltage reference levels. 
Circie No. 228 on Subscriber Service Card 


Thread Replacement Inserts) 


Thread replacement without dr ll. 


| ing may be accomplished with the 


Keensert self-locking “Replaceable 
Sleeve” insert available from Newitong 
Insert Co. 

Keenserts are externally threaced 
right to the top, to provide maximum 
pull out resistance. Positive mechan- 
ical lock against rotation is provided 
by keys which are tightly fastened in 
the Keenserts, and are easily pressed 
into the parent material with a smali 
punch and hammer or a simple instal 
lation tool. 

Circle No. 229 on Subscriber Service Card 


Metal-Ceramic Resistors | 


CTS Corporation has added a 424 
turn % in. square trimmer resistor 


(Series 170) and a 25-turn rectangular 
trimmer resistor (Series 180) to itsiee) 


metal-ceramic CeraTrolS line. Extreme 
reliability and high safety factors atf 
rated wattage are achieved by usingaie™ 
a unique CTS-developed metal-cerami \ 
element fired at temperatures exceeding rd 
600°C, resulting in hard surface, low} 
contact resistance element. Both unitsf 
have infinite resolution, complete re- 
sistance range from 100 ohms thru | 
megohm and extreme stability. 
Circle No. 230 on Subscriber Service Card 


Film Resistance Cards 


Filmohm Corp. is marketing a metal 
film resistance card, a highly stable 
microwave attenuator material. The 
base is a fine weave glass cloth impreg- 
nated with high temperature thermo- 
setting resin which meets MIL-P-18177 
Resistance material is a thin film of 
pure metals, approximately 50 mil- 
lionths of an inch thick, uniformly 
deposited on one surface of the plastic 
A protective coating is provided. 

Circle No. 23! on Subscriber Service Card 


Rotary Commutators 


Rotary Commutators for analog 
digital conversion, telemetry, sampling, 
scanning, programing, and pulsing aré 
available from Aijrflyte Electronics 
Gold or rhodium plated contacts are 
firmly embedded in epoxy resin an 
diamond turned to 4-6 micro-inch step 
less finish. Commutating surfaces ar 
engaged by special broom type multipl¢ 
strand brushes to produce minimu 
noise and life expectancies in excess of 
2 x 10° cycles at up to 2000 RPM 


Circle No. 232 on Subscriber Service Card 


Circle No. 16 on Subscriber Service Card. 








AN ACHIEVEMENT IN DEFENSE ELECTRONICS 


HIPAR Proves Effective 
In Hercules Anti-Missile Test 


This new General Electric High Power Acquisition Radar (HIPAR) more 
than triples the detection capability of the U. S. Army’s Nike-Hercules 
System. Produced for Western Electric, Nike-Hercules System Prime Con- 
tractor, this General Electric radar provides high resolution target data 
at long range and high altitudes on bomber and fighter aircraft, air- 
launched missiles and tactical ballistic missiles. The effectiveness of this 
Improved System was demonstrated at the White Sands Missile Range on 
June 3, 1960, with the successful intercept and destruction of a Corporal 
Missile, and in August and September, 1960, when target Nike-Hercules 
Missiles were destroyed by their defending counterparts at altitudes to 
almost 100,000 feet and closing speeds near Mach 7. 176-06 


HEAVY MILITARY ELECTRONICS DEPARTMENT 
DEFENSE ELECTRONICS DIVISION * SYRACUSE, NEW YORK 


Progress /s Our Most /mportant Product 
/ GENERAL @@ ELECTRIC 





— industry 


| 
| 
| 
GENERAL ELECTRIC has est:} 
lished a new operation at Palo Alw 
Calif., to centralize its nuclear pove 
design and development activities (9 
specialized applications such as manned 
and unmanned space vehicles ang 
satellites. 


INTERNATIONAL TELEPHONE, 
& TELEGRAPH has joined its | 
Laboratories to the ITT Federal })j 
vision to form a single operating ui 
which will be known as ITT Fede 
Laboratories. 


THOMPSON RAMO WOO 
DRIDGE is moving nearly 200 TR 
personnel from offices in the Los A 
geles area to Canoga Park head 
quarters. Among those involved in th¢ 
move are 120 members of the TRW 
Computers Company, formerly head; 
quartered in Beverly Hills. 

DOUGLAS AIRCRAFT CO. hag 
started the first phase of a $2-milliog 

| modification program at its Sacra; 

| mento field station in preparation fon tec 
system and static testing of the Satur 

| S-IV and other space vehicles. Majo 

| items in the program include the in 

| stallation of a liquid hydrogen storaggtages ; 
and transfer system and the alteringy;, pr 
and enlargement of two test stands fo 
cold-flow testing and static firings o - 
the S-IV. Cre 

eat tri 


lew fl 


Pams ¢ 






THE MARQUARDT CORP. Peo 
mona Division has moved into a ne 
27,500-sq.-ft. engineering building i" The 

| the same city. hree 


‘ickers 


). secor 
TENNEY ENGINEERING b a$ontiny 
formed a division to design, deve 
and produce ground and flight suppo 
devices, he 
ihe Op} 
W. L. GORE & ASSOCIATES} )) for 
| manufacturer of Teflon-insulated wir 
and cable, has completed a move intd 
| a new plant near Newark, Del., a 
| jacent to its old plant. 


raulic 


ea 

IBM FEDERAL SYSTEMS piv} 4 
will complete its new Communication 

Center at Rockville, Md., near Wash a 
ington, D.C. on Feb. 1. Research ai 


the 38,000-sq.-ft. center will emphasiz@aes 
improvements in systems design and 

| reliability in both radio spectrum and 

| direct wire communications. 


ILIKON CORP., founded by 
group of MIT scientists for material 
research, has opened offices and 
research laboratory in the Natick In 
dustrial Centre, Natick, Mass. 


Circle No. 25 on Subscriber Service Card. Circle No. 17 on Subscriber Service Card. 
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Extremely high temperature ma- 
terial problems encountered on re- 
entry into earth’s atmosphere are 
studied with the aid of a plasma 
jet capable of 30,000°F. 


Basic effects of elevated tempera- 
tures On various materials are 
. viewed and photographed with the 
9 hot stage microscope. 
s A 
head 
in the 
TRW 


“ CAPABILITY is spelled 


ial r-e-s-e-a-r-c-h 
Sacra 


an in technology and facility, Vickers continually matches your needs 


atur 
Majoq . ' 
e ine fluid power and hot gas systems for aerospace vehicles still in the idea 
toraggtages are being developed at Vickers. Techniques for converting basic energy 
teriNGio precisely controlled power are continuously being sought by experienced 
ds for : : é 


gs of ams of research specialists utilizing the finest scientific equipment. 


Creative application of the sciences of hydrodynamics, aerothermodynamics, 
eat transfer, metallurgy and chemistry have been productively blended with 


‘ickers vast experience in the instrumentation and control fields. 
ng i The principal effort of Vickers applied research is now concentrated in 
Three areas: |. advanced systems and components for attitude controls, 
). secondary rocket nozzle injection and 3. hot gas servo actuation. In addition, 
h 4$ontinuous refinements are being made to the high performance Vickers hy- Advanced type of primary and emer- 


raulic pumps and motors. gency fluid power supply system devel- 
‘ “é ; ; : : } oped and built by Vickers being readied 
The experienced Vickers Application Engineer in your area will welcome for feasibility test in an environmental 


jhe Opportunity to fill you in on additional details. In the meantime, write or chamber. 
TES}aj| for Bulletin A-6002. 


wire 
into 
AERO HYDRAULICS DIVISION 
VICKERS INCORPORATED , 
division oO 


DETROIT 32, MICHIGAN SPERRY RAND 
TORRANCE, CALIFORNIA CORPORATION 


velo 


Ppo 


PROGRAMMED POWER IN: FLUID TRANSFER e 
POWER TRANSMISSION * ENERGY CONVERSION 


Analyses of fluids, propellants and spe- 
cial coolants for electronic equipment is 
carried out in completely equipped chem- 
istry laboratory. 


Analog computer (shown) and solid 
state Univac digital computer give 
Vickers the important edge in solving 
complex engineering problems. 








——hames in the news 


Homer R. Denius: President of Radia- 
tion Inc., elected chairman of the board. 
He will retain the presidency. Mr. Denius, 
one of the founders of the firm in 1950, 
was formerly president and chief 
engineer of Melpar, Inc 


viee 


Robert FE. McDowall: Vice president of 
Cohu Electronics, Inc., elected to the 
board of directors of Exact Engineering & 
Manufacturing, Inc 


W. E. Cleator and G. Jewett Crites: 
Vice president and director of future plan- 
ning, respectively, elected to the board 
of directors of Tool Research and Engi 
neering Corp 


Richard S. Cesaro: Appointed vice 
president, corporate planning, research 
and development at Autometric Corp, Was 
formerly technical director and scientific 
consultant to ARPA—Advanced Research 


Projects Agency, Institute for Defense 
Analyses-Office of the Secretary of De 
fense. 


Walter H. Powell: Vice President of In- 
dustrial Relations for International Resist- 


ance Co., named vice president of Opera- 
trons 

William H. Rows: Appointed vice 
president, International Operations, Am- 


Electronics Corp. He will 


phenol-Borg 








continue to serve as vice president, mar- 
keting 


Paris H. Stafford: Chief Engineer for 
Permanent Filter Corp., promoted to vice 
president in charge of engineering. Prior 
to joining the firm in 1952, he served as 
supervisor of guidance and control equip- 
ment in the Autonetics Div. of North 
American Aviation. 


Elwood Roger Zeek: Joins The Dichl 
Manufacturing Co. as vice president in 
charge of research and engineering. Was 
formerly associated with the Walter Kidde 
& Co., Inc. 


Henry Feldmann: A founder and board 
chairman of FXR, Inc., resumes the presi- 
dency of the company, succeeding Tore N. 
Anderson, who has resigned. 


Ralph F. Gow: Elected president of 
Norton Co. Milton P. Higgins, president 
since 1946, moved up to chairman of the 
board, succeeding George N. Jeppson, 
who now has the title of honorary chair- 
man 


Warren W. White: Appointed to the 
newly created post of assistant director of 
engineering for Robertshaw-Fulton’s Aero- 
nautical and Instrument Division. Was 
formerly supervisor of instruments prod- 
ucts engineering 


General Nathan F. Twining (USAI 
Ret.), former chairman of the Joint Chiefs 
of Staff, last week received the National } 
Security Industrial Assn. James Forresta 





Memorial Award. The award is presented 
annually to the man who, in the opinion 
of NSIA members, has “contributed most 
to cooperation between industry and the 
Defense Department.” 


Harry L. Hildebrand: Former manag 
of process and design engineering for | 
Taylor Fibre’s plants at Norristown and 
LaVerne, Calif., joins Dytronics, Inc 
general manager. 


Dr. Harold V. Hance: Joins the Sys 
tems Research Center of Lockheed Elec-; 
tronics Co. as both associate director of | 
the center and a senior scientist. Was| 
formerly senior scientist in the Research 
and Development Laboratories at Hughes 
Aircraft 


David Fales Ill: Named chief engineer | 
for Gabriel Electronics, Division of The} 
Gabriel Co. Was formerly manager of | 
electronic product sales and staff enginecr | 
for The Martin Co., Baltimore 


Dr. Curtis E. Miller: Appointed di-| 
rector of the Medical Sciences Dept of | 
Dynamic Science Corp., a subsidiary of 
Marshall Industries. | 





FROM THE MINES TO YOU...| 


From our own sources we are today supplying contractors, | 
engaged in developing our Major Missiles, Polarizing Optics 
used in instrumentation on a continuing basis. With assured 
source of raw material we are capable of filling your indi- 
vidual needs at any time. 


LARGE POLARIZING PRISMS 
WATER WHITE CALCITE-FLUORIDE-CRYSTAL QUARTZ | 








46% T 


ISSION 





46% TRANSMISSION 





Polarizing Prisms can now be produced which will transmit 
t in a million in crossed orien- 
tation. POLARIZING PRISMS are available such as the 
WOLLASTON, ROCHON, GLAN, GLAN THOMPSON, 
and many other types which can be applied to your instru- 
mentation. POLARIZING PRISMS of the Glan type 
available which have a usable transmission and polarization 


intensities of less than one 


GLAN THOMPSON PRISMS 


are 


from 2,000 A in the ultraviolet to 20,000 A in the infrared. 
POLARIZING PRISMS up to 50 mm aperture or larger if 
necessary are available. Karl Lambrecht, with over 33 years 
of optical experience, can help you with the initial design 
through to the completed model with the assurance of adequate 
facilities for production if needed. Catalog available upon re- 
quest. Telephone or write us of your needs. 


OPTICAL SPECIALISTS TO HELP SOLVE YOUR OPTICAL PROBLEMS 


KARL LAMBRECHT 


3959 N. Lincoln Ave. 
60 


GR 2-5442 


Circle Ne. 26 on Subscriber Service Card. 


D/B/A CRYSTAL OPTICS 


Chicago 13, Illinois 
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sap} 10-year development of titanium 
Chiefs} technology. Current problems _in- 
tional} clude improving the physical charac- 
frestal/ ‘eristics, reducing the cost and re- 





“inion moving the toxicity hazard. 
d the| New Mercury Flight Plan 
The Mercury Redstone-2 Chim- NATIONAL ROCKET CLUB'S 
} panzee-bearing capsule test, sched- OUTSTANDING 4TH ANNUAL 
“ym uled for this week, will follow a 
e nj} lower, flatter trajectory than last 
1c. as| Month’s successful MR-/ flight. v4 
Peak altitude will be 115 statute 


miles instead of 130, while the cap- 


> Sys-| sule is aimed at a spot in the Atlan- . o 

a) tic 290 miles downrange from Cape YON 

Was| Canaveral, instead of 235 miles. | \ 1 SS] e 
search| The trajectory was lowered for 


lughes| range safety considerations and to 
reduce re-entry g loads from 12% 


_| to about 11. = Ce 
cm MR-2 will be the first flight in a e 


er of| the Mercury series to fully test the 
gineer| Abort Sensing Instrumentation Sys- 
tem (ASIS), which orders firing of | e 
| the escape rockets in case it detects QO } } el e j ) Ce 
d di} anything going wrong. In previous 


flights the system has operated on 
} open loop—that is, the signals were 











given but the escape rockets were MARCH 14-16, 1961 
"| set to fire only on command from 

the ground. Sheraton-Park Hotel +» Washington, D.C. 
ee The flight will also mark the 
tors, | first flight test of the life support | ‘ ail 
stics | system. It will also have a psycho- Rocketry / Space Challenge of the Sixties 





ured | motor test to determine whether the 
ndi- } chimpanzee can perform functions 
it can carry out on the ground and commercial applications in space 
whether launch, weightlessness and market outlook / new developments 
AS re-entry have any physical or psycho- 

logical effects on the animal. 


military applications in space 








17 A movie camera will photograph Tour / Goddard Space Flight Center 
the animal during flight for obsetva- 
tion of the chimp’s state of aware- March 16 + Robert H. Goddard 
ness. 
The psychomotor test is a game Memorial Dinner + 7 PM 


involving three colored lights, two 

levers and a faint electric shock pa F : 4 

applied to the animal’s foot if he Write Now for Program and Registration Form 
i does not obey the rules. The six 

chimpanzees have become quite pro- | 


ficient in the game during training | lott tka } 
aret.| 4¢ Holloman AFB, N. M. | National Rocket Club 
years The chimpanzee and a backup | 1745 K Street, N.W. + Washington 6, D.C. 
esign | animal, which will also be wired 
4 with telemetry equipment and kept 


on the ground, will be chosen from 
a group of six at the Cape 24 hours | 
before the launch. The launched 
cs animal will be in a special couch 


with oxygen lines to the regular life | 
nois | Support system. 
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First Polaris Sub Returns 


THE OFFICERS of the nuclear- 
powered submarine George Washington 
first of the Polaris fleet, are giving high 
marks to her maze of equipment for 
its performance during her first deploy- 
ment on station 

Cmdr. James B. Osborn, skipper of 
the George Washington, said after re- 
turning from the cruise Jan. 21 

“My crew and my ship performed 
above my expectations. The missile sys- 
tem was better than even we hoped it 
would be. And be don’t pass out pretty 
good marks for nothing.” 

The George Washington tied up be- 
side her tender, the Proteus, nearly 67 
days after deploying from the Naval 
Weapons Annex near Charleston, S.¢ 
on Nov. 15 





* 
» aed 
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She had operated submerged and 


“buttoned up” for approximately 66 
days and 12 hours—a record. The old 
record, held by the nuclear-powered 


sub Seawolf, was 60 days, 10 hours, 23 
min 

The George Washington will be 
completely serviced by the Proteus be- 
fore deploying again with a fresh crew. 
rhen the Proteus will sail for her per- 
manent advanced base at Holy Loch in 
the Clyde Estuary, Scotland. 

The Navy directed the Proteus to 
take on her first servicing job at New 
London to make certain that her facili- 
ties are adequate and to provide back- 


up equipment if necessary. 

“You might say we are cutting our 
teeth on the Gorge Washington,” one 
officer said. 33 


COMING UP FOR George Washington and her sister ships is the 30-inch-longer 
Polaris 11 (A2) model with its 1500-mile-range. An Aerojet technician stands before 
a Polaris | (Al) and Polaris I first-stage motor case to show their comparative sizes. 
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In FY 1960 
General Dynamics and 


Lockheed Led in Awards 


GENERAL DYNAMICS CORP 
tops the list of 100 companies and 1138 
subsidiary firms that received the largest 
dollar volume of military prime 
tracts during Fiscal Year 1960. 


con 


General Dynamics received $1.2 , 
billion of the $15.4 billion of prime 
contracts totalling $10,000 or more 
awarded the 100 companies. Lockheed 
and it subsidiaries ran second witl 
$1.01 billion. 


Positions were reversed for the two 





firms in the list of the top 400 prime } 
commercial contractors that received 

the largest dollar volume of militar) 

prime contracts for experimental, de- | 
velopmental, test and research work 

Lockheed received $666.3 million 
General Dynamics received $528 mil- 
lion. 

The total new value of all EDTR 
awards of $10,000 or more increasex 
during FY °60 from $5.2 billion t 
$5.5 billion. 

The first fifteen companies in prime 
contracts, in addition to General Dy 
namics and Lockheed, included: 

Boeing Airplane Co., third, $1 bil 


lion; General Electric Co., fourth 
$963.1 million; North American Avia 
tion, Inc., fifth, $907.7 million; The 


Martin Co., sixth, $596.7 million; 
United Aircraft Corp., seventh, $517.4 
million; American Telephone & Tele 
graph Co., eighth, $466.8 million; 
Radio Corp. of America, ninth, $405.8 
million; Douglas Aircraft Co., 10th, 
$404.9 million; Hughes Aircraft Co., 
llth, $349.1 million; Raytheon Co., 
12th, $323.4 million; Sperry Rand 
Corp., 13th, $296 million; Internationa! 
Business Machines Corp., 14th, $290 
million, and Republic Aviation Corp., 
1S5th., $265.1 million. 

The top fifteen firms in EDTR | 
prime contracts, in addition to Lock- | 
heed and General Dynamics, included 

North American Aviation, Inc 
third, $473.8 million; General Electric 
Co., fourth, $396.7 million; Western 
Electric Co., Inc., fifth, $270.3 million; 
The Martin Co., sixth, $245.8 million 
Boeing Airplane Co., 5.7 





seventh, $205 
million; Aerojet-General Corp., eighth, 
$182.5 million; Sperry Rand Corp., 
ninth, $120.1 million; Westinghouse 
Electric Corp., 10th, $118.4 millios 
Douglas Aircraft Co., 11th, $100.3 
million; Thiokol Chemical Corp., 12th 
$99.4 million; Radio Corp. of America 
13th, $92 million; General Motors 
Corp., 14th, $81.6 million, and Ave: 
Corp., 15th, $80.8 million. os 
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Discoverer Communications Pinpoint 


Philco says high accuracy of communications and control 
system is responsible for recovery successes in program 


Pato Ato, Ca.irF.—Details of 
the communications and control sys- 
tem for recovery of Air Force Dis- 
coverer satellite vehicles indicate grow- 
ing AF confidence in its ability to re- 
cover instrument capsules on an almost- 
routine basis. 

Latest information was revealed by 
Philco Corp.’s Western Development 
Division, associate prime contractor on 
the communication and control aspects 
of Discoverer, which said pinpoint ac- 
curacy of the network has been respon- 
sible for successful recoveries so far. 

(Almost simultaneously, Lockheed 
Missiles and Space Division pinpointed 
axial instability as the cause of earlier 
recovery failures.) 

The entire communication and con- 
trol portion of the Discoverer vehicle 
is designated Subsystem H, and has 
four basic functions: to provide track- 
ing data on the satellite and its instru- 
ment capsule; to command the vehicle 
to perform such functions as second- 
Stage ignition, capsule ejection, and 
other command functions; to collect 
telemetry data; and to insure that all 
events are carried out on a common 
time basis. 

* Equipment — Four interlocked 
electronic subsystems make up the 
complex: a long-range tracking radar 
to provide azimuth, range and eleva- 
tion data, including an analog com- 
puter to assist in acquisition of the 
satellite; a command subsystem oper- 
ating over the radar link; a Doppler 
telemetric reception subsystem; and a 
data processing and transmission sub- 
system. 

Satellite-borne equipment includes 
four sources of rf energy: a vhf cw 
oscillator for providing a continuous 
signal for initial acquisition; an S-band 
pulse-beacon transponder; an S-band 
beacon in the recovery capsule, ener- 
gized after capsule ejection; and an 
FM/FM telemetry transmitter. 

Ground equipment consists of a 
Doppler-receiving unit which picks up 
the cw oscillator signal for target ac- 
quisition via a tri-helix antenna; the 
VERLORT (very-long-range tracking) 
radar which triggers the pulse beacon 
transponder at ranges up to 2500 miles; 
ind the telemetry receiver subsystem. 
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AXIAL DEVIATIONS were plotted photographically with this air-bearing test bed, 
according to Lockheed, thus solving a major re-entry problem in the Discoverer re- 


covery program. Test vehicle is rigidly suspended from bottom of bearing. 


Antennas of all three subsystems 
are slaved together during operation, 
usually after the tri-helix antenna has 
made initial acquisition as the satellite 
rises over the horizon from the north. 
The primary ground station is at Ko- 
diak, Alaska. 

Human control over the complete 
operation is administered from the 
master control console, the focal point 
of all display and control data. All 
information received at the ground sta- 
tion is fed into a processing and trans- 
mission system, composed of high- 
speed teletype circuits and other equip- 
ment, to keep the AF Satellite Test 
Center at Sunnyvale, Calif., informed 
of the satellite’s position and status. 

About fifty separate telemetering 


elements make up the system, which 
Philco says is virtually free of redun- 
dant design features but suffers no loss 
in reliabilty. 

* Discoverer mission — As spelled 
out by Philco, the nominal sequence 
in a Discoverer mission is as follows: 

Optical tracking utilized at liftoff is 
switched to radar surveillance imme- 
diately upon confirmed radar acquisi- 
tion above the surrounding ground 
clutter and transmitter-pulse clutter 
pattern. The VERLORT radar at 
Vandenberg AFB is slaved to the 
optical tracking unit to assure radar 
acquisition. The destruct radar at VAFB 
is under separate control of the ground 
safety officer. 

The target is tracked through its 
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launch phase until the time comes tc 
pass it to the Point Mugu radar center 
This center includes a computer for Al 
determining time-to-fire of the seconc 
Stage. 
The system computes the situatio1 
of the satellite, using the station’s angle . 
and ranging information to command G 
second-stage ignition and control burn 
ing time. A tracking ship 900 mile 
downrange transmits performance data 
to the Satellite Test Center (STC) by F 
way of a single-sideband radio link ‘Firm 
To conserve power, all instrumen 
| tation except the cw acquisition trans- | MaQY 
mitter is turned off on the first orbit 
Data computation is centralized a 
| STC, where corrections in planned per 
| formance are made, based on actua 
vehicle performance. The revised data | A 
are put on the teletype circuit to al! | egrapl 
| tracking stations, which store the infor of tw 
mation on an acquisition programer | trum { 














| enabling tracking antennas to look at a | ments 
| selected point on the vehicle’s orbit | may r 
| where it is expected to rise over the | Tt 
horizon. | Admi 


WEIGHT: LESS THAN 20 LBS. 
OUTPUT: 100 W. CONTINUOUS 
COMMITMENTS NOW BEING 


SOLAR ENERGY SYSTEMS 


SYSTEMS AVAILABLE LESS ! 


POWER SYSTEMS Inc. 
THAN $25,000.00 411 &. MONTECITO, WO 2-8918 
SANTA BARBARA, CALIFORNIA 


In this aspect of the operation, re- | for bi 
dundancy is utilized to insure acquisi a pro 
tion by using the orbital computer of | stratir 
each VERLORT unit as a_ backup | tions 
method of predicting the point of ex It 
pected acquisition. appro 

When the time of expected acquisi tions 
tion nears, the tri-helix antenna array of | as th 
the Doppler subsystem is trained on the Relay 
target spot in space. The continuously } might 
operating cw oscillator provides the first | comps 
signal for the ground station, and a re servic 


| fined acquisition data estimate is made nr 
The other two antennas in the ground | Delta 
complex are slaved to the tri-helix an- | procu 
tenna, and the VERLORT radar locks }j lite p 
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| onto the vehicle, the electronics of | $24-m 
| EXOTHERMIC FUZE WIRE | | EXOTHERMIC FUZE WIRE | WIRE which have since been turned on 33 | for ~ 
vehicl 
PYROFUZE is a bimetallic (Pal- Tiros Il Reduced to | ay 
ladium clad Aluminum) wire that . . “ 

~ 4 disintegrates with simultaneous IR, Direct Observation Cana\ 

/ exothermic alloying reaction at TIROS 11 WEATHER information | °‘* 
. 650° C. with or without oxygen... now is limited to infrared observations | '"¢ ™ 
( . It is found highly advantageous and direct readout of cloud-cover | Prost 
for explosively operated mecha- photographs while the satellite is in ceivat 

nisms...Since PYROFUZE is so view of ground stations able. 

unique in the ignition field it has A malfunction in the timing clock 7 
opened up entirely new design operation and the wide-angle camera . °™phi 
Gonsepte. system threatening total power drain the li 
‘ age made necessary an indefinite sus- routin 
Write for latest brochure. pension of programing wide-angle | ®¢Wal 
PYROFUZE photographs on Jan. 18 he 
corP. A different erratic behavior made cces 
An Afiliote of SIGMUND COHN CoRP. it necessary to temporarily suspend pro- r 
Photo below shows PYROFUZE wire ee graming of the narrow-angle camera the 6 
i of — omy Sw system. However, scientists of the Na- renee 
| tional Aeronautics and Space Admini- | ‘© 
| stration expected programing would be | """* ¥ 
- = oe | resumed after a system analysis | wg 

— << . Tiros Il, launched Nov. 23, took 

| 524 wide-angle photographs.that could ilread 
be usefully interpreted 3 | Thee 
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AT&T Authorized to Use Two 
Gigacycle Channels by FCC 


‘Firm may win inclusion in Relay project or it 


may get launch service for vehicle at cost from NASA 


CC 


AMERICAN TELEPHONE & Tel- 
egraph Co. has authority to make use 
| of two channels in the gigacycle spec- 
trum for communication satellite experi- 
ments this year, but a launch vehicle 
may not be available until 1962. 

The National Aeronautics and Space 
Administration, meanwhile, is asking 
for bids by March 6 on Project Relay, 
a program for developing and demon- 
strating an active repeater communica- 
tions satellite. 

It is possible that the AT&T plan, 
approved by the Federal Communica- 





tions Commission, might be accepted 
as the industry program on Project 
Relay. It is equally possible that NASA 
might go ahead on a contract with one 
company and arrange to provide launch 
service at cost to AT&T for its satellite. 

The launch vehicle involved is the 
Delta. Two additional Deltas are to be 
procured for the communications satel- 
lite program with part of a requested 
$24-million supplemental appropriation 
for the current fiscal year. 

The lead time requirement on Delta 
vehicles means that a new one added 
onto the program cannot be available 
for mating with the spacecraft at Cape 








Canaveral before May 1, 1962. How- 
ever, there are two backup vehicles in 
the nine to be launched in the present 
program over the next 18 months. Con- 
ceivably, one of these might be avail- 
able. 

® Reassurance—NASA spokesmen 
emphasized that the one-year limit on 
the license granted to AT&T is merely 
routine and is subject to routine re- 
newal. Thus, they argued, the license 
sets no time limit making any haste 
necessary in negotiating arrangements. 

The FCC authorized AT&T to use 
the 6325-6425 megacycle channel for 
transmitting to its experimental satel- 
lite with 3-kilowatt power and the satel- 
lite was authorized to transmit at 5 
watts in the 4100-4200 megawatt chan- 
nel. Both bands were taken from bands 
already assigned to common carriers. 
The experiments will include investiga- 
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Relay Satellite Specifications 


Weight 85 Ibs. + 10% 
Shape Cylinder leading to truncated 

cone capped by hemisphere 
Total length 50.25 in. 
Cylinder length 16.25 in. 
Max. diameter 29.0 in. 
Min. diameter 10.0 in. 
Launch vehicle Delta 
Transmitter frequency 400-500 mc 
Receiver frequency 2200-2300 mc 
Power supply solar cells, batteries 
Apogee 2500-3000 naut. mi. 
Perigee 600-1400 naut. mi. 
Orbital inclination 30°-55° 
Period 180 min. 
Temperature required 40°-70°F 
Operating life One year 
Radiation package weight 19 Ibs. 
Radiation package volume 90 cu. in. 
Radiation package power need 6'/. watts 





tions of the feasibility of sharing chan- 
nels between satellite-ground links and 
point-to-point earth communications. 

The commission thus rejected the 
company’s application to use the 6425- 
6925 mc band for the experiments. In 
a separate order, the FCC also rejected 
as premature the company’s proposal 
that the 6425-6925 mc band be assigned 
to satellite relay use on a shared basis 
with other services. The order was an- 
nounced on Jan. 19, the last day of the 
Eisenhower administration. 

The FCC reported that the AT&T 
satellite would cost $250,000 and that 
launch costs were estimated at $3 mil- 
lion. The cost of the earth station at 
Holmdel, N.J., was estimated at $106,- 
000. The commission authorized the 
company to use the channels for ex- 
periments involving as many as Six 
satellites. 

® Price tag later—NASA spokes- 
men said discussions with AT&T had 
not even reached the negotiation stage 
on the price the government will charge 
the company for launching its satellite. 
The discussions are continuing on tech- 
nical details of the AT&T proposal. 

It was understood that NASA does 
not intend to conclude the arrangements 


with AT&T until it receives an indica- 
tion of the attitude of the Kennedy 
Administration and Congress toward 
former President Eisenhower's order 
authorizing the agency to make launch 
facilities available to private industry at 
cost. 

NASA’s Goddard Space Flight Cen- 
ter briefed industry on requirements for 
the Project Relay satellite Jan. 24 and 
25. The specifications called for use of 
government-assigned frequencies of 400- 
500 me for the satellite transmitter and 
2200-2300 mec for the ground station. 
But the specifications allowed for sub- 
stitution of other frequencies by the 
contractor if a good reason were given. 
This obviously enabled AT&T to sub- 
stitute the frequencies assigned to it 
by the FCC. 

The FCC authorized AT&T to com- 
municate with experimental stations in 
the United Kingdom, France and the 
German Republic. AT&T commented: 

“We are pleased with the Commis- 
sion’s decision because we can now 
firm up our plans for the next step 
toward a space communications system. 
We are most anxious to have an active 
satellite in orbit within a year and will 
push vigorously toward this. To do so, 
we have asked the government to supply 
launching facilities and we have offered 
to pay the costs.” 

Earlier this month, AT&T an- 
nounced that the Bell System showed 
a profit of $1.244 billion in the 12 
months ended last Nov. 30—an all-time 
record level of profits for one com- 
pany in one year. The previous high of 
$1.189 billion was set by General 
Motors in 1955. 33 


Hughes to Build NASA's 


Surveyor Spacecraft 


SURVEYOR, a 750-lb. package of 
television cameras, a drill 18 in. long 
and sophisticated scientific instruments, 
will make seven flights leading to soft 
landings on the moon in the period 
1963-66. 

The National Aeronautics and Space 
Administration is negotiating with 
Hughes Aircraft Co. for developing 
and producing the spacecraft, at a cost 
upwards of $50 million. T. Keith Glen- 
nan approved selection of Hughes over 
three other companies on Jan. 19. 

The Surveyor spacecraft will weigh 
about 2500 Ibs. when launched into a 
lunar trajectory by an A/tlas-Centaur 
vehicle. Most of the weight will consist 
of solid propellant for a retro-rocket 
designed to slow the lunar landing 
speed to between 5 and 10 mph, a lit- 
tle slower than a manned parachute 
landing on earth. 2 
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-—tontracts—— +I 


NASA 


$3,008,000—Packard Bell Electronics Corp's fasis cute 
Technical Products Div., Los Angeles, for { on WV 
development of an automatic checkou Feb 
system for the Saturn booster _ 
$105,000—Chance Vough* Astronautics, Dallas {Amrical 
for orbital launch operation studies in- Rock 


PROPELLANT BRIEFS vestigating technical and economi Salt | 


feasibility of launching space vehicle: 











a ee a a : : . P fen, from an earth orbit bec iad 
Space-age technology requires maximum imagination and creativity. | 4) 000—Douglas Aircraft Co., Santa Monica. | struct 
> P “alle : ant — . > : . Calif., for orbital launch operation studies sile ¢ 
Here at Callery our pioneering search for more powerful energy sources aio iia uae Gee | te 
4% : : hp aeninate . oh Ge ae feasibility of launching space vehicl tae’ 
is increasing and our family of energy chemicals (shown below) is con- —uan-.m. = | Reses 
: Anto: 
stantly growing. 
tantly growing NAVY nstitute 
$700,000—Royal Industries, Inc., Los Angeles Solid 
for atomic reactor control rod actuators Annu 
to be used on atomic submarines. Sub- Univ 
contract from Westinghouse Electric : 
Corp. phia, 
$600,000—-Summers Gyroscope Co., Sant: merical 
Monica, for spring-wound gyros for use d 
in the Bullpup an 
Deve 
ARPA Appli 
Atlantic Research Corp.’s Space Vehicles Mexi 
Group, Pasadena, Calif., for all engi- Americal 
neering, fabrication and field services for cal a 
six firings of the four-stage Trailblazer I] Meet 
rocket vehicle. Subcontract from Massa- a 
chusetts Institute of Technology, Lincoln Pacific 
Laboratory. Amount not disclosed West 
Ryan Aeronautical Co.’s Aerolab Develop- Feb 
ment Co., Pasadena, has received con- _ 
tracts for seven Trailblazer I six-stage merical 
rocket vehicles to be used in re-entry neers 
vehicle research. Hote! 
ssociati 
AIR FORCE — 


a 
| n $3,590,177—Burroughs Corp., Detroit, for in- 
stallation and logistic support of data 


processing equipment for the Sage 


program Dptical 
K H $'76,000—-Republic Aviation Corp., for de- Hote 





velopment of extrusion processes for 7 
titanium metal. as Tu 
$100,000—Boeing Airplane Co.’s Aero-Space spons 
Div., Seattle, for building rocket engine sion 
fuel tanks from spun glass threads ical 
$49,454—Electro-Optical Systems, Inc., Solid <s 
State Div., Pasadena, for research and of D 
investigation of tunnel emission ampli- ton, 
Sere America 
ARMY Map} 
$1,589,144—-Universal Molded Fiberglass Corp., Phot 
Bristol, Va., for 96,137 shipping and firing ham 
containers for the M55 rocket < 
$169,650—Telemeter Magnetics [Inc., Los ‘ -10. 
Angeles, for digital memory system ymposi 
$120,000——Sperry Rand Corp., Salt Lake City Mag 
for publications for the Sergeant missile PGN 
system 
$119,490—Raytheon Co., Waltham, Mass., fo Penn 
replenishment repair parts for the Hawk America 
system. and 


$110,000—New Mexico State University, Uni- | Hote 
versity Park, for field testing and evalua- ote 
tion studies within the missile programs. America 





$86,352—Radioplane Div., Northrop Corp neers 
Van Nuys, Calif., for flight services f« | . 
target missile i Hote 
$61,000—-The Martin Co., Orlando, for 961 ‘ 
7 Pershing weapon system « Gode 
j $44,741—U.S. Steel Corp., Consolidated | jijona 
| Callery Chemical Company Western Steel Div., Los Angeles, for repair Hote 
| P.O. Box 11145, Pittsburgh 37, Penrisylvania | parts for rocket motors in ~ 
| $38,842—Sperry Rand Corp., Sait Lake City nt 
Please send Technical Bulletins: for Sergeant missile ground handling | and ' 
| | 
C-1300 Pentaborane [) C-020 Diborane [] C-070 Decaborane equipment City 
C-310 Triethylborane [) C-130 Lithium Borohydride $33,112—Douglas Aircraft Co., Santa Monica, hy 1 
| as a | for Nike replenishment spare parts cleai 
| C-1200 Nitronium Perchlorate [) Data Sheet—Hydrazine Diborane and 
30 1 
c eeeae MISCELLANEOUS 
| | Chesapeake Instrument Corp., Shadyside Engi 
| Title | Md., for design, development and fabrica- Mar. 
tion of an ultrasonic measuring system : 
merical 
| Compan | for determining the temperature of the 
Pany M 
| | combustion products developed in the Meta 
| Address | motor tube of a rocket engine during the and ' 
| firing cycle. Awarded by Allegany Bal- Pacif 
City State listies Laboratory of Hercules Powder Co. 
Ri ea ate IS SNE TTT IE dence cnesanendsasewescseweec= * Amount not disclosed. Mar. 
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FEBRUARY 
lustitute of Radio Engineers, Prof. Group 





on Military Electronics, Los Angeles, 


Feb. 1-3. 

merican Rocket Society, Solid Propellant 
Rocket Conference, The Hotel Utah, 
Salt Lake City, Feb. 1-3. 

hee yd Annual Symposium on Nonde- 
structive Testing of Aircraft and Mis- 

sile Components, (unclassified), South 

) rexas Section of SNT and Southwest 
Research Institute, Gunter Hotel, San 
Antonio, Feb. 14-16. 
titute of Radio Engineers, International 
Solid-State Circuits Conference, 8th 
Annual Meeting, Sheraton Hotel and 
University of Pennsylvania, Philadel- 
phia, Feb. 15-17. 

merican Society for Metals, Albuquerque 
and Los Alamos Chapters, Recent 
Developments in Materials for Nuclear 
Applications, University of New 
Mexico, Albuquerque, Feb. 16-17. 

American Institute of Mining, Metallurgi- 

cal and Petroleum Engineers, Annual 





Meeting, St. Louis, Feb. 19-23. 
acific Electronic Trade Show, Great 
Western Exhibit Center, Los Angeles, 
Feb. 26-Mar. 1. 
merican Institute of Chemical Engi- 
neers, National Meeting, Roosevelt 
Hotel, New Orleans, Feb. 26-Mar. 1. 
\ ssociation of Iron and Steel Engineers, 
Los Angeles, Feb. 28-Mar. 2. 


MARCH 

Dptical Society of America, Roosevelt 
Hotel, Pittsburgh, Mar. 2-4. 

fas Turbine Conference and Exhibit, 
sponsored by Gas Turbine Power Divi- 
sion of American Society of Mechan- 
ical Engineers and U.S. Department 





ton, D.C., Mar. 5-9. 

American Congress on Surveying and 

Mapping, and American Society of 

Photogrammetry, Convention, Shore- 

ham Hotel, Washington, D.C., Mar. 

5-10. 

kymposium on Engineering Aspects of 
Magnetohydrodynamics, sponsored by 
PGNS, AIEE, IAS, University of 
Pennsylvania, Philadelphia, Mar. 9-10. 

American Rocket Society, Test Operations 
and Support Conference, Biltmore 
Hotel, Los Angeles, Mar. 13-16. 

American Society of Mechanical Engi- 
neers, Aviation Conference, Statler 
Hotel, Buffalo, Mar. 13-17. 

1961 Missile/Space Conference and 





« Goddard Memorial Dinner of the Na- 


| tional Rocket Club, Sheraton Park 
Hotel, Washington, D.C., Mar. 14-16. 
RE International Convention, Coliseum 

| and Waldorf-Astoria Hotel, New York 
City, Mar. 20-23. 

‘uclear Congress, Nuclear Engineering 
and Science Conference sponsored by 
30 major engineering societies and 
Engineers Joint Council, Chicago, 
Mar. 20-24. 

American Society for Metals, 12th Western 

Metal Congress, Ambassador Hotel 


Mar. 20-24. 
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when and where— 


of Defense, Shoreham Hotel, Washing- | 


and Western Metal Exposition in Pan- | 
Pacific Auditorium, Los Angeles, | 


EMPLOYMENT 


...One of many projects in Systems Engineering 
at General Electric’s 
Special Programs Section 


FIELD ARMY BALLISTIC MISSILE DEFENSE SYSTEM 


ala 
ry 


Modern battle concepts of the United States Army require new tactical 
and support systems. Because of their increasingly complex nature, 
extensive capabilities in systems management and systems engineering 
have assumed greater importance. 


It was for this reason that General Electric’s Special Programs 
Section was established. Typical of its current projects is a study pro- 
gram for a Field Army Ballistic Missile Defense System. This system 
involves the integration of sensor components, communications links, 
data processing units, guidance, the vehicle aerodynamics, structures, 
stability and control, together with its launching and support equipment 
— all within a compatible systems structure. 


To accomplish its objectives, SPS is staffed with a select group of 
senior engineers who act as a technical team to make systems recom- 
mendations... plan and create systems configurations and detailed speci- 
fications ...establish implementation schedules...conduct continuing 
evaluation studies... direct and coordinate sub-contractor efforts — both 
within General Electric and outside the company. 


Each engineer at SPS is highly competent within a broad field of 
technology, and has a working knowledge of several allied disciplines. 
He may concentrate on different aspects of a variety of problems, or 
follow a project, such as FABMDS, through to its completion. 


Qualified engineers and scientists who want to apply a systems 
perspective to highly advanced problems are invited to contact us about 
a number of current openings. An advanced degree is desirable, with 
3-10 years of experience in one or more of the following areas: 


INFRARED AEROBALLISTICS RADIATION EFFECTS 
ARMAMENT SYSTEMS RELIABILITY WEAPONS SYSTEMS 
COMMUNICATIONS SYSTEMS COST von 


ANALYSIS 
CFFLIED OUVSIES NAVIGATION AND 


COMPUTER DESIGN GUIDA 
OPERATIONS poorer ANALYSIS 
ANALYSIS MICROMETEROLOGY 


VEHICLE PRELIMINARY 
DESIGN 


WEAPONS SYSTEMS 
INTEGRATION 


AERODYNAMICS 


Write in strict confidence to Mr. R. W. Hildick, Dept. 73-WI 


a 
PROGRAMS [GENERAL @@ ELECTRIC 
SECT 


DEFENSE SYSTEMS DEPARTMENT of the Defense Electronics Division 


Radnor-Chester Road e Radnor, Pennsylvania 
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Needed: Engineers to chart the 
dimensions of 1969 weapons systems 


**T’oo often companies are satisfied with the accomplishments of today 
and allow schedule pressures to prevent concentration on tomorrow's 
business. 


‘This is not true at Martin-Orlando. We have established a group 
of high level engineers the Technical and Research Staff who have 
the responsibility for creating and developing the skills and systems 
that will form the basis for Martin's business in the time span 1965-1970. 


“Finding the men who can staff the 23 technologies necessary is 
not an easy task. It calls for engineers who are interested in technical 
rather than administrative accomplishment. It calls for engineers who 
have the clarity of concept to discard convention. It calls for engineers 
unhampered by ‘tunnel vision’ who can translate the tactical require- 
ments of the future into engineering reality. It calls for engineers who 
can do the jobs and meet the qualifications shown on the right. 

‘*Martin-Orlando—prime contractor for Pershing, Bullpup, 
GAM.-83, Lacrosse, Missile Master and BIRDikE — is working on the 
threshold of the future. If you feel you would like to join us, are 
qualified, and would enjoy living in Florida, we would very much like 
to hear from you.”’ 


“Ame ). CUA 


Director, Technical and Research Staff 





Martin-Orlando’s Technical and I 
search Staff has immediate openings ‘ 
high level engineers and scientists in 
23 technologies being studied. Among 
these are 





* OPERATIONS RESEARCH— 0, 
erations Research is of prime impor 
tance in the Technical and Researc} 
Staff and is conducted primarily or 
the systems level in such efforts ag 
weapons systems analysis, operational 
gaming and simulation, and sys 
tem modeling 





* ELECTRONIC SYSTEMS —conj 
ceptual design and evaluation of adj 
vanced systems. Of significant interes¢ 
at this time are high resolution tech, 
niques, missile detection and guidance 
analytical studies of new communica 
tion systems 


* COMPUTER TECHNIQUES 
digital systems and logic design fo 
unique weapon systems applications] 
Concept through prototype experi; 
ence desired. 


* INFORMATION THEORY —-as ap 
plied to communications, guidance of 
radar systems with emphasis on inj 
formation theory, information proc} 
essing, statistical theory of communi} 
cations, decision theory, optimun 
coding and detection | 


* INERTIAL GUIDANCE concep} 
tual and analytical investigation of 
advanced inertial guidance systems| 
Experience should be in modern weap 
ons systems with emphasis on system: 
analysis for employment of inertia 
guidance techniques, and/or conce; 
tion and design of all or major portion 

of inertial guidance components 
GROUND SUPPORT EQUIP} 
MENT CONCEPT AND DEVEL- 
OPMENT 
missile systems analysis. Backgrounds 
in missile and equipment handling! 
servicing equipment development, 
transport and transport vehicle evalu; 
ation, soil mechanics, hard based inj 
stallations, and power generatior 
octane 


emphasis on mobile 


systems are applicable 
with military logistics and tactical 
military operations highly desirable 


Other technologies in which immed 

ate openings exist include: Electroni 
Packaging, Environments Prediction 
Structures (Conceptual Analysis and 
Design), Human Factors, Missile 
Propulsion ‘ 


If you are interested in and qualify 
for senior level work with this 
highly select staff, please contact 
C. H. Lang, Employment Manager, 
The Martin Company, Orlando 
31, Florida. 
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ULTRA PRECISION IN SPACE 


Ultra Precision Spacing on 
guided missile components 
and similar critical work 
guaranteed by this exclu- 
sive DOUBLE-MICRO.- 
SCOPIC PICK-UP of the 
LEITZ OPTICAL MAS- 
TER DIVIDING HEAD. 








Seitz 






It compensates for run- 
out, 
source of error. Working 
accuracy = 1 second of arc. 


There is no substitute 
for LEITZ in optical divid- 
ing. 


Request catalog 82-1 


OPTO-METRIC TOOLS, INC. 


137 MR VARICK STREET, NEW YORK 13, N.Y. 
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Aerojet-General Corp., Sub.-General 


Tire & Rubber Co. 10 
Agency—D'Arcy Adv. Co. 

AiResearch Mfg. Co., Div.-The 
Garrett Corp. 25 
Agency—J. Walter Thompson Co 

American Time Products, Inc. 15 
Agency—H. M. Alexander & Assoc 

Adv. Agency 

Caleo Mfg. Co. 14 
Agency—Kreicker & Meloan, Inc 

Callery Chemical Co. 66 


Agency—Ketchum, Macleod & Grove, inc 
Chior-Alkali Div., Food Machinery & 


Chemical Corp. 20, 2! 
Agency—James J. McMahon, Inc 
Consolidated Electrodynamics Corp. 54 
Agency—Hixson & Jorgensen, Inc 
Crystal Optics—Karl Lambrecht 60 
Douglas Aircraft Co., Inc. 23 
Agency—J. Waiter Thompson Co 
Electro-Mechanical Systems, Inc. 58 


Agency—Charles F. Fry Adv. Assoc. Inc 


General Electric Co., Heavy Military 


Electronics Dept. 57 
Agency—George R. Nelson, Inc 

General Electric Co., Silicone 
Products Dept. 22 


Agency—Ross Roy-8.S.F.4D., Inc. 


B. F. Goodrich Aviation Products Co. 8, 9 
Agency—The Griswold-Eshieman Co. 


Great Lakes Steel Corp. 
Agency—Campbell-Ewald Co 


Kaynar Mfg. Co., Inc. 
Agency—J. M. Straus & Co 
Lambrecht, Karl—Crystal Optics 

Lear, Inc. 


Agency—Hixson & Jorgensen, Inc 


Lockheed Aircraft 
Div. 
Agency—Hal Stebbins, Inc 


Martin Co. 


Corp., California 


ADVERTISERS’ INDEX 


6, 7 


71 


60 


17 


68 


Agency—Ketchum, Macleod & Grove, Inc 


Microdot 
Agency—Carson / Roberts /Inc 


Minnesota Mining & Mfg. Co. 


Agency—Batten, Barton, Durstine & 
Osborn, Inc 


National Rocket Club 


Inc. 


Opto-Metric Tools, Inc. 
Agency—S. Frederic Auerbach Co., Inc 
Philco, Government & Industrial Div. 
Agency—Maxwell Assoc., Inc 
Power Systems, Inc. 
Agency—The Kemble Co 
Propeliex Chemical Corp. 
Agency—Al! Maescher Adv. 


Radio Corp. 
Systems Div. 


of America, Airborne 


Industrial Electronic Products .. 38, 


Agency—Al Paul Lefton Co., Inc. 


53 


19 


él 
69 


37 


55 


56 
39 


Remington Rand UNIVAC, Div.- 
Sperry Rand Corp. 48 
Agency—Mullen & Assoc., Inc 
Sigmund Cohn Corp. 64 
Agency—William G. Seidenbaum & Co 
Sperry Farragut Co., Div.-Sperry 
Rand Corp. 4 
Agency—Chirurg & Cairns, Inc 
Sperry Gyroscope Co., Div.-Sperry 
Rand Corp. 40 
Agency—Reach McClinton & Co., Inc 
Sundstrand Aviation-Denver 2 


Agency—William Kostka & Assoc., Inc 


Thiokol Chemical Corp., Rocket Div. 16 
Agency—Hicks & Greist, Inc 


Vickers, Inc., Div.-Sperry Rand Corp. 59 
Agency—Gray & Kilgore, Inc 

Washington Technological Assoc. 72 
Agency—Dawson, MacLeod & Strivers 

Western Electric Co. 12, 13 
Agency—Cunningham & Walsh, Inc 


Westinghouse Electric Corp., Avia- 
tion Industry 43 
Agency—Ketchum, MacLeod & Grove, Inc 


Vitro Labs., a Div. of Vitro Corp. 


of America 24 
Agency—Sam J. Gallay, Adv. 
EMPLOYMENT 
General Electric Co. 
Missile & Space Vehicle Dept. 3 
Special Programs Section 67 


Agency—Deutsch & Shea, Inc 
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The Nike-Zeus Team 


HE KENNEDY ADMINISTRATION is 

faced with a major decision on the Nike-Zeus 
program—concurrency or caution? 

The urgent need for that decision is spelled 
out in the article by Defense Editor James Baar 
which leads off the special Nike-Zeus report be- 
ginning on p. 26 of this issue. The arguments for 
and against are clear. The decision should be 
made promptly. 

Three months of editorial planning and thou- 
sands of miles of travel went into this 22-page 
special report. MISSILES AND ROCKETS editors 
visited Nike-Zeus facilities throughout the na- 
tion, talked to military experts concerned with 
the program and to dozens of the contractors and 
subcontractors working on the system. The result 
is the most comprehensive public report yet made 
on this controversial weapon system. 

We are indebted to the Army and to the 
contractors for the full cooperation which made 
this possible. 

Two things about the program particularly 
impressed us. One is the absolute confidence 
at every technical level that the Nike-Zeus sys- 
tem will work. If that confidence is justified, 
we can all sleep better at night. The other is the 
need for an immediate decision on production. 

. “How long can you hold a team together?” 
asked one manager. This was echoed elsewhere. 
In many ways, the Nike-Zeus team is the most 
experienced ever to work on a missile system. 
Nike-Ajax and Hercules provided valuable back- 
ground. If a decision is delayed much longer, this 
team will begin to break up and drift away from 
the program. That would be tragic. 


The Pentagon Team 


HE NEW DEFENSE TEAM moved into the 

Pentagon last week with the words of Presi- 
dent Kennedy’s inaugural address still echoing 
through the breadth of the land. 

Certain of the words of the new Commander- 
in-Chief must have sounded like a mandate: 
never fear to negotiate but never negotiate 
through fear; peace—but peace based on strength. 

As Secretary of Defense Robert McNamara 
began his job, those who knew him expected him 
to move slowly but to move fairly. There were to 
be no big increases requested in the defense 
budget, no radical reorganizations of the U.S. 
defense structure sought in haste. 

What were expected, though, were firm, hard 
decisions—a renouncement of vacillation. Said 
one member of the immediate defense team: 

“You may want to say I’m wrong. You may 
want to say I’m intellectually stupid. But you'll 
never be able to say I failed to make decisions 
when they were needed.” 

McNamara was expected to organize his de- 
fense office along the lines most familiar to him 
—those of industry. As if the DOD were a cor- 
poration, McNamara will be president. Deputy 
Secretary Roswell L. Gilpatric will be vice presi- 
dent. The Secretaries of Army, Navy and Air 
Force—Elvis J. Stahr, John Connally and Eugene 
Zuckert—will be managers of divisions. 

The new group will start, at least, with an 
attitude of “Don’t try it—do it.” There are many 
Pentagon people, many of them in the higher 
level posts, who will not fit into the concept 
McNamara & Co. have of the job to be done. 
They will not be permitted to linger. 
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KAYLOCK, INSERT THIN WALL THREAD 
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« |Kaynar introduces new thin wall insert 


or- Look for the ultimate in weight and space savings when Kaynar introduces a new fastener! You'll find it in this new, 
ei- high strength Kaylock® Thin Wall Insert! It embodies a design concept that in most cases permits one-thread size 
\ir | differential, I.D. to O.D. This feature makes it possible to reduce boss diameter requirements to an absolute minimum 
a and still develop in the casting high strength potentials. 


an , : . , ; <n , — : 

a The new Kaylock Thin Wall Insert can be installed in space-critical areas in minimum diameter bosses. In the 
ner installed condition it is locked positively in place, assuring fastener integrity. The internal thread-locking feature 
opt : . : , ; . 

= assures retention of mating bolt per MIL-N-25027. One-piece design, stainless or alloy steel, adds strength to light- 


| weight parent materials. Easily installed—no special taps or gages. WRITE TODAY for the new Kaylock Thin Wall 


Insert Brochure—or contact your nearest Kaynar representative. 





Kaylock. 


jieat im Vightweight fookmuts 4 <) 


KAYNAR MFG. CO., INC., KAYLOCK DIVISION 
Box 2001, Terminal Annex, Los Angeles 54, Calif. Branch offices, 
warehouses & representatives in Wichita, Kan.; New York, N.Y.; 
SAVES SPACE — al! holes prepored for inserts with same internal thread size. Atlanta, Ga.; Renton, Wash.; Montreal; Paris; London; The Hague 
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RESEARCH DEVELOPMENT IN UNDERWATER ENGINEERING 


exceptional qualifications 
of company and its engineers 


available upon request 


Washington Technological Associates, Inc. 


979 ROLLINS AVENUE © ROCKVILLE, MARYLAN 


Circle No. 20 on Subscriber Service Card. 





